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SHARON STEELS USED IN MANUFACTURE OF 
NEW COST - CUTTING FASTENER 


One lock washer: plus one nut used to free to rotate on the nut, and not bind 
total up to two separate assembly oper- on the bolt. The steel used had to have 
the spring demanded of a lock washer, 


ations. But that was before KEPS. Now 
yet it had to be easy to work to be 


these two separate parts are handled as 
me Ls 4 fastened to the nut. Sharon engineers 
EN cU e pre: have supplied the manufacturers of 
assembled. This cuts costs, speeds pro- KEPSt with a steel that has met all the 
duction, reduces inventory problems and necessary requirements. 


improves. product quality. If you are working. with steel it will pay 








Pre-assembling lock washer and nut was VUE ES 


a tricky operation. The washer had to be in your aredi le 


Specialists in STAINLESS, ALLOY, COLD ROLLED and 
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MALLORY 
Assembly Engineering 


can mean three-way savings for you 


No matter what your contact assembly needs may be, Mallory can do the whole 
job for vou—from design and material selection . . . to fabrication and finishing 


ol parts... to final assembly, 


Mallory assembly engineering is backed by 25 years of research and prac tical 


experience ind takes pride in eee 


* Design of more than 5000 è Leadership in the develop- 


different types of contacts. ment and practi al applica- 


tion ot »owder n etallurgv. 
è Development of many spe- | 


cial alloys . . . and brazing * Design and production of all 


techniques. types of switches. 


With this specialized electrical and. metallurgical engimeering experience work- 
ing for you, you save three ways—in better performance ... in reduced costs 
. and in relief from the design, handling, scheduling and inventory. control 


problems involved in assembling vour own contact units, 


RE... GET MORE FROM MALLORY 


\n example of Mallory contact assembly engineering is a tungsten contact 
assembly for an outboard motor magneto which had to withstand the impact of 
millions of evcles .. . resist salt water corrosion... maintain constant shape and 
uniform spring action . . . and hold the precise tolerances despite temperature 


and humidity changes. 


Mallory engineers produced the right answer at the right price—a contact 
assembly that is doing an outstanding job. You can expect the same kind of 


results when vou turn vour contact assembly work over to Mallory. 


In Canada, made and sold hy Johnson Matthev & Mallory Ltd.. 110 Industry St.. Toronto 15, Ontario 


Electrical Contacts and Contact Assemblies 


SERVING INDUSTRY WITH 


Electromechanical Products 
Resistors Switches 


TI Tuners à | ibrators 


Electrochemical Products 


Capacitors Rectifiers 
Vercury Dry Batteries 


Metallurgica! Products 


Contacts Spree ial Metals 
W elding Materials 





P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


For information on Titanium Developments contact Mallory-Sharon Titanium Corp., Niles, Ohio. 
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NONMETALLIC MATERIALS 


GLASS CLOTH treated with an improved grade 
of silicone rubber is highly effective as motor 
and cable insulation. G. E's Coshocton, Ohio 
plant is producing the material as 36-in. widths 
in thickness from four to ten mils. Heat resis- 
tance, and electrical properties are excellent. 


CONTINUOUS FILM of polyester resin bonded to 
porous materials like wood, paper and cork en- 


d 


hances their surface character- 
istics appreciably. This catalyz- 
ed Vibrin resin, made at U.S. 
Rubber's Naugatuck (Conn.) 
Chemical Division, is spead on 
cellophane sheet and then trans- 
ferred while partially jelled to the base material 
for curing inaheated press. With the cellophane 
removed, film remains dimensionally stable, 
and both corrosion and abrasion resistant. 





COMBINED EFFORTS of the Navy, the Air 
Force, and the chemical and oil industry have 
resulted in the first joint military specification 
for a synthetic lubricating oil for gas turbine 
engines. According to the Naval Research Lab- 
oratory, this is the first significant application 
of synthetic lubricants. 


CEMENTS for bonding acrylic plastics have been 
developed by the Chemical Development Corp. of 
Danvers, Mass. Type CD-2 is intended for use 
with Plexiglas, while Types 94 and 114 are for 
Lucite. These monomers produce high-strength, 
optically-clear, bubble-free bonds, and can be 
used on assemblies that later are machined. 


LATEST TWIST in filter-fabric construction is 

more twist. Current practice is half a turn per 

|- ~ inch of yarn; new fabrics made 

K ^ A by Equipment Development Co. of 

2.4 9 w.—- Montclair, N. J. have 25 turns. 

7.1. Highly twisted yarns do not pack 

> x $t- together tightly, thereby reduc- 

>< Sau ing precipitation of solids in and 

on the fabric which is woven from all the latest 
synthetic fibers like Dynal. 
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When requesting further information from companies and organiza 
tions mentioned in the items below, confusion can be avoided by 
referring to the issue of Product Engineering in which items appear 
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DIELECTRIC SHEET composed basically of a 
Kel-F or Teflon fluorocarbon core faced with el- 
ectrodeposited metal has wide application be- 
cause of its versatility. Asbestos, glass fiber, 
mica, quartz or other inert materials can be 
added to the core and any of the dozen or more 
electrodepositable metals used as the facing. 
Total thickness can be varied up to about 1 1/2 
in. according to engineers at U.S. Gasket Co. of 
Camden, New Jersey. 


PLASTIC MOLDING MATERIAL consists of an 
Alkyd base resin with glass fiber reinforcement. 
Products molded of this material have excellent 
resistance to impact and high tensile and com- 
pressive strength, according to Plaskon, whose 
researchers developed it. See New Products. 


METALLIC MATERIALS 


SEA-WATER CORROSION of low-nickel content 
copper -nickel alloys can be reduced if one to two 
percent iron is included. Such alloys are readily 
worked, either hot or cold, provided they are 
properly heat-treated, and are suggested for 
condenser tubes as well as general shipboarduse. 


A NON-FERROUS SCRAP DRIVE is rapidly tak- 
ing shape. Special industry committee has al- 
ready elected permanent officers 
and is mobilizing for the recovery 
d * of copper, brass, bronze, alumi- 
GE num and lead. Is there a Scrap 
Committee in your plant and is it 
—— getting in the scrap? 


HIGH TENSILE STRENGTH at elevated temper- 
atures is claimed for a magnesium-base alloy 
containing from one to ten percent rare earth 
metals, principally cerium. U.S. Patent cov- 
eringthe alloy is assigned to Dow Chemical Co. 


TWO ALUMINUM ALLOYS have recently been 
developed for use in the 600-F range. Informa- 
tion Office of U. S. Dept. of Defense has an- 
nounced a Cu-Ni- Mg- Mn-Cr-V-Ti alloy good to 
600 F. and British Patent 585.610, assigned to 


continued on page i 


THE DESIGN ENGINEER should provide us 
with preliminary layouts or prints of pro- 
posed bevel gear designs . . . type of 
drive, horsepower and speed . . . type of 
loading (constant, intermittent or shock) 
... type of material . . . driving member 
and direction of rotation. 


THE PRODUCTION ENGINEER should fur- 
nish blue prints, material specifications, 
manufacturing tolerances .. . quantity of 
gears to be produced . . . number of 
working hours available for production. 


" 


" (44 A M "m, 


Every day highly skilled engineers within 
our organization provide the answers to 
these problems. Backed by the company's 
85 years' experience in this field, our 
complete engineering service is at your 
disposal, without obligation, to study any 
bevel gear or Curvic coupling design 
problem you may have. We will be glad 
to make our recommendations as to the 
best design, the proper equipment and 
the most advantageous methods for re- 
ducing production time and costs. 


| - " 
mea [^] MET 

m — P y 

"rmm i = 


1 


fe id 


STRAIGHT 
BEVEL 


GLEASON WORKS 


1000 UNIVERSITY AVENUE - ROCHESTER 3, NEW YORK 
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T.F. Bradbury of Derby, England, describes a 
Mg-Ni-Fe-Si composition having good physicals 
in range from 660 to 795 Fahrenheit. 


WIDESPREAD USE of ductile iron is evident by 
the fact that about 150 foundries in the U. S. and 
abroad are in production. The 
International Nickel Co. reports 
more than 75 distinctly different 
‘$ applications of castings ranging 
$ in weight from less an ounce to 
more than forty tons. 


POROUS COBALT-BASE ALLOY similar to 
Haynes-Stellite L-605 high-temperature ma- 
terial is being used by Micro Metallic Corp. of 
Glen Cove, N.Y. in metal filters commonly made 
of stainless steel. Operating temperatures are 
therefore several hundred degrees higher than 
the 900 to 1, 000 F range of stainless and at these 
temperatures tensile and corrosion resistance 
are comparatively better. 


COMPONENTS 


INTERCHANGEABLE ENGINE PARTS are close 
at hand. An industry advisory group for the 
Munitions Board has come up with a plan for 
standardizing high-mortality parts of gasoline 
powerplants used by the Army, Navy and Air 
Force. Group would reduce the 1,187 different 
moving parts of 138 different engine models to 
only 63 parts, and 15 bore sizes to only five. 


TWO TO SIX SLIP RINGS with a separate lead 
for each can be built into a small assembly of 
~ 0. 045-in. diameter. Ring width 

Gps -is 0.030 in. and barrier width 

ni^. 7 0.015 in. Silver is electroplated 

into grooves on a machined di- 

electric core by the Electro Tec 

Corp of Hackensack, New Jersey. 


COILED SPRINGS used in instruments and other 
components resist effects of moisture, weather- 
ing and chemical action when protected by a tough, 
thin coating that remains flexible at temperature 
of -70 F. Congress Fan and Electric Co. of Day- 
tona Beach, claims units are stable to 250F. 


SELENIUM RECTIFIERS are going miniature. 
The Plastisel assemblies made by Electronic 
Devices Inc. of Brooklyn, N.Y. are of standard 
open-plate construction with a spiral-wound 
phenolic wax molded case like tubular conden- 
sers. Ratings vary from 250 to 500 ma d-c for 
different voltages and as doubler units. 
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WIRING HARNESSES composed of aluminum wire 
joined by anew resistance method may be pres- 
sed into service by automakers. To prevent the 
aluminum conductors from failing in fatigue, 
special supports or loops may have to be used. 


QUICK DISCONNECT COUPLING for electrical 
systems has no threads. 


“+ è 49 
TE AINET 
- d S 
> A^ 


Unit is joined or dis- 
engaged by movable fingers that 
gripor permit ejection of mating 
section, depending on the tension 
of a built-in coiled spring. A tug 
of about 20 lb opens the unit made 
by Wiggins Tool Co., Los Angeles. 


PROCESSES 


ALUMINUM SHEET is rapidly stretch-for med 
into contoured aircraft parts by the Demarest 
process at Pastushin Aviation Corp. in Los 
Angeles. First step is to form a cone and seam 
weld it by the Heliarc method. Than cone is 
placed in a Meehanite holder die and a rubber 
forming die lowered into the cone. After being 
locked in place, the rubber die is expanded by 
pumping in fluid until a pressure of 400 psi is 
attained. Thus, the expanding die stretches the 
straight-sided cone into a curved part. 


CHROMIUM PLATING reduces the plastic de- 
formation that can occur in SAE 4130 steel be- 
fore fracture. Tests made at the Bureau of 
standards on specimens plated to nominal thick- 
nesses of 0.0001 to 0.015 in., as well ason un- 
plated specimens show the tensile and yield 
strengths decrease with increasing plate think- 
ness. At thickness of 0.015 in., the values are 
about 90 percent of those for the unplated steel. 


ANY NUMBER of throws can be press forged, one 

atatime, in different models of crankshafts made 

Y at Compagnie des Forges et 

^ e Acieries de la Marine et d'Home- 

court, Saint-Chamond, France. 

(SUN (8 The continuous grain process per- 
j fected by this company does away 
” with twisting the throws. 


INCONEL "W" AND "X" can be successfully 
welded by insert arc, metal arc and resistance 
welding methods. High unit pressures and slow 
cooling give best results. Alloys are among the 
most promising high temperature alloys develop- 
ed by the International Nickel Company for ap- 
plications up to 1,200 F. Coated Inconel 132, 
132R46 or X139 electrodes are used. 


continued on page 9) 





Another new development using 


B. F. Goodrich Chemical Company zaw materiais 


Hycar 


puts “the bite” 


on 


grinding costs! 


HIS unusual use for Hycar 

rubber may give you an idea — 
may show how Hycar can cut costs 
for you where fine grinding opera- 
tions are involved. 

The picture shows Hycar being 
used in the manufacture of dental 
restorations. The cast metal is first 
given a rough grind using a stone 
abrasive wheel. However, this oper- 
ation leaves scratches on the metal 
surface. To remove these scratches, 
a Hycar bonded wheel is used. 

It runs at speeds from 20,000 to 
25,000 r.p.m. Naturally, there is a 
high heat build-up, and extreme 
wear and tear on the Hycar wheel. 


Data courtesy of Austenal Laboratories, Inc., Chicago, Ill 


But because of Hycar’s outstanding 
resistance to heat and abrasion, the 
wheel has a far longer life than types 
formerly used. Less dust is produced 
with the Hycar wheel. And, Hycar’s 
uniformity simplifies wheel manu- 
facturing operations, assures con- 
stant top quality. 

Hycar’s many advantages make it 
ideal for improving and developing 
products for many uses. Hycar rub- 
ber compounds resist heat and cold, 
abrasion, gas and oil, many chemi- 
cals, and more damaging factors. 
Demand for Hycar exceeds supply, 
but limited quantities available 
for development work. For help- 


GEON polyvinyl materials * HYCAR American rubber * GOOD-RITE chemicals and plosticizers 
HARMON organic colors 


Propuci 


ful technical advice, please write 
Department HP-1, B. F. Goodrich 
Chemical Company, Rose Building, 
Cleveland 15, Ohio. Cable address: 
Goodchemco. 


B. F. Goodrich Chemical Company 
A Division of The B. F. Goodrich Company 


Need high elasticity? Hycar has 
it— plus extreme temperature 
resistance and more advantages. 


Hycar 


Amsnitet Riper 
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PLATING BATH for depositing aluminum ap- 
parently requires the presence of lithium alumi- 
—Ó num hydride, aluminum chloride 
and the ethyl ether of the metal to 
insure success. The deposit has 
a smooth matte finish and a hard- 
ness of 37 to 97 Vickers in tests 
I^ run at the Bureau of Standards. 


A SPRAYED COATING of high-purity aluminum 
on copper-bearing aluminum alloys prevents 
corrosion when these materials are chosen for a 
given job on the basis of their high strength. The 
British Aluminum Co., Ltd., Salisbury House, 
London, finds this spray technique is useful on 
extrusions and castings that do not lend them- 
selves to fabrication from Alclad sheet. 


SPEEDIER DIE CASTING is the function of a 
nitrogen accumulator made by Hydraulic Press 
of Mt. Gilead, Ohio. As ram of casting machine 
is retracted, nitrogen is compressed intoa "bot- 
tle." When ram is released, expanding gas forces 
hot metal into dies at 400 ft per minute. 


TESTING 


THE MODELS LABORATORY recently complet- 
ed at the Naval Ordnance Laboratory in White 
Oak, Md., provides a complete study of magnetic 
fields, and is used primarily for tests on mag- 
netic ship models. Results of the work areused 
in the protection of the Navy's fleetagainst mag- 
netic field influence mines and torpedoes. 


ELECTRONIC GAGE for measuring the thick- 
ness of nonconducting coatings on nonmagnetic 
metals has been developed at the Bureau of Stand- 
ards. Instrument performs simple nondestruc- 
tive test on coatings up to 0.090 in thick. 
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THREE-DIMENSIONAL photoelastic stress anal- 
ysis technique developed at Illinois Institute of 
Technology determines the principal stresses 
at any interior point of a body. Prior to this de- 
velopment, only principal shears could be found. 
Loads are applied while a machined plastic model 
is heated and are not removed until after the 
model cools to room temperature. Stresses 
developed by the loads are therefore "fixed" or 
"frozen" into the model. Sections of the model 
are then studied in a polariscope. 


DUPLICATING MACHINE makes exact copies of 
letters andother papers by adry-process method 
utilizing infra-red light. The 
light source sends rays through a 
special heat-sensitive sheet to 
the black-and-white original copy. 
—- According to the Magna-Crest 

: | = Corp. of New York City, the black 
type on the copy converts the rays into heat which 
ácts on the special sheet to reproduce the image. 





STANDARD TEMPERATURE of 20 C or 68 F for 
measurement of mechanical gages was recom- 
mended ata meeting of the International Organ- 
ization for Standardization. While there is no 
compulsion behind these recommendations, it is 
expected that each of the national standard bodies 
making up the ISO will adopt the standards. Amer- 
ican Standards Association is the U. S. member. 


MEASURING CLEARANCES between rotating 
shafts and bearings is a difficult operation. A 
new method developed by the National Bureau of 
Standards for the Navy's Bureau of Ships appears 
to be the answer. A mutual inductance type of 
electrical distance-measuring element is used. 
The variation of the distance of the rotating shaft 
from two small fixed coils results in a readily 
measurable variation in coupling between coils. 


THIS MONTH'S COVER 


Scientists and researchers in both government and industry have long 
known that molybdenum possesses excellent high temperature properties 
The major problems have been (1) to develop methods of melting and fabri 


cation that could be applied to large ingots; and (2) to develop coatings or 
alloys that would resist rapid oxidation at high temperatures. The subject 
of this month's cover is two specimens of 0.125 in. dia molybdenum rod, 
heated in air to a temperature of 1,600 C (2,912 F). Pure molybdenum, of 
course, would burn at temperatures far below this, but these specimens arc 
protected by a siliconized coating that was developec by Fanstee! Metal 
lurgical Corporation. Shown with the optical pyrometer is Fansteel’s 
Dr. Ralph F. Wehrmann, research chemist. For an up-to-date analysis of 


molybdenum’s properties and potentialities, see the article starting on page 121 















































HEIM Zuu 
p BEARING ROD ENDS 


A single ball oscillating in 
bronze bearing inserts — 
bored to fit a shaft or stud, and 
providing a large surface 
supporting area. As a ball and 
socket operation, the universal 
motion of the ball corrects 
misalignment of the shaft in all 
directions. The Heim Unibal 
Spherical Bearing Rod End offers 
greater flexibility, and in many 


applications, eliminates the 


Eire Se M a I tek - ri > 


necessity for costly, precision 


machined components. 


See al 


White for complete catalog of Bearings and Rod Ends. — 
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Standards of Worth 


IN BUSINESS the most obvious and essential stand- 
ard of worth is dollars profit. But any organization 
that has no objective other than profit will steadily 
disintegrate and die. 


Not all plans and projects can show their worth in 
dollars profit. Long range research plans, support of 
research projects in universities, participation in indus 
try activities, publicity, advertising and similar un- 
dertakings can never show a profit as a number on 
the balance sheet. But their essentiality to the growth 
of a successful business enterprise is generally recog- 
nized. Such expenditures are approved as a matter 


of course. 


Over and above all these expenditures that are 
measured in dollars, there are others of far greater 
importance to a successful business. They might be 
termed the humanitarian efforts and actions. The 
time and effort they require cannot be charged off in 
dollars and cents. They have their birth in mental 
attitude and human understanding. If he possesses 
the proper spirit and motivating forces, any executive 
can put'into practice the precepts that build those 
human relations without which no business can be a 


complete success. 


It does not require a vote of the stockholders, a 
resolution of the board of directors, or an order by 
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top management for the executives and junior execu 
tives to operate according to “The Golden Rule.” 
That is simply a matter of individual conduct and 
expression. Nothing more than a compassionate un 
derstanding of the troubles and limitations of their 
subordinates is required to censure kindly wl 

necessary, to give unstinted praise when due, to 
always be fair, and to show a genuine interest in the 
welfare of all. Out of such treatment are built the 
incentives that make a job an inspiration, that put 
enthusiasm into effort, that foster self respect, chara 
ter and happiness in the hearts of associates and 


employees. 


When all is said and done, life has but one obje 


tive. It is happiness. You cannot purchase it, y« 
cannot dispense it in a pay envelope. It is the cumula 
tive dividend from investments in your treatment of 


others 


Let us not merely wish for a Happy New Year but 


also let us do something to make it so 
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Basic With One Seal 
Single Row 
Ball “Bearing 


With Two Seals 


The right "dress" 
for every job — 







available 


as accessories to 
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Our Most Promising 


J. J. HARWOOD* 


Deputy Head Metallurgy Branch 
Office of Naval Research 


METALLURGISTS AND DESIGNERS have 
selected molybdenum and its alloys as 
having great potential for super high 
temperature service. Its abundance and 
properties make it the most promising 
of the refractory metals, Table I, on 
which hinges the solution of future in- 
dustrial and military problems involv- 
ing equipment operating at temper- 
* This paper represents only the personal views of 


the author and in no way reflects the official 
attitude of the U. 8. Navy.” 


Refractory Metal 


atures in excess of 1,800 Fahrenheit 

The current search for better refrac 
tory materials stems essentially from 
two pressing military requirements 
One is the temperature limitation of 
our present high temperature alloys, 
which do not retain useful engineering 
properties at temperatures greater than 
about 1,650 F. The second is the short 
age of our major alloying elements, 
which has vividly demonstrated the 
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! 
need for less strategi high temper 


While leaner alloy com 


positions are being used successfully in 


1 
ature metals 


gas turbines now in prod Kk tion, the 
major hope for the future of long 
range guided missiles and 
more efficient and 


bines is in the 


rockets and 
powerful gas tur 
development of new 
illoy systems 

Molybdenum of course is by no 
means new to the metallurgical indus 
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try. It has a long and distinguished 
record as an alloying element in steels. 
Its earliest usage was for filament sup- 
ports in the incandescent lamp and 
electronic tube industries, and coiled 
tungsten filaments currently are wound 
on molybdenum mandrels. It also is 
used in tubes for grid windings, 
supports, plates, channels, caps and 
similar applications. The glass indus- 
try is a large consumer of molybdenum 
sheet, plate, bolts, and studs for elec- 
trodes involved in the melting of glass. 
Molybdenum also has several applica- 
tions in the chemical industries. 

More recently, molybdenum disul- 
phide (M,S.) has been attracting at- 
tention as a lubricant. It prevents gal- 
ling and seizing at bearing pressures 
well over 45 tons per sq in—and at 
either high or low velocities—which 
an be attributed to the unique laminar 
structure of the compound. 

However, such specialized uses 
would become relatively minor, if the 
full structural potentialities of molyb- 
denums were to be attained, especially 
in view of the abundance of ore. 

The United States is the leading pro- 
ducer of molybdenum concentrates, 
mining more than 85 percent of the 
world’s output. The chief molybdenum 
containing mineral is molybdenite 
(M,S2), a mineral gccurring in flakes 
resembling graphite. Principal pro- 
ducers are the Climax Molybdenum 
Company, The Molybdenum Corpora- 
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tion of America, and the Kennecott 
Copper Corporation. Climax began 
active exploration of the world famous 
molybdenite deposits in Climax, Colo- 
rado in 1917 and since 1924 have been 
in constant production. In 1939, the 
Kennecott eos Corporation began 
producing molybdenum as a by-product 
of their copper operations in Utah and 
New Mexico, which in recent years 
accounted for some 50 percent of our 
molybdenum production. The mines of 


the Molybdenum Corporation of Amer- 
ica are located in Questa, New Mexico. 

The reserves of molybdenum were 
estimated in 1945 to be in the neigh- 
borhood of 400 million tons, a more 
than adequate supply to meet all pre- 
dictable needs. While molybdenum is 
currently on the critical metals list and 
is under allocation regulations, it is not 
unreasonable to expect that production 
capacity can be stepped up appreciably 


if the situation demands it. 


Mining and Production Methods 


In direct mining operations, molyb- 
denite ore is recovered by the use of 
oil flotation processes, the final product 
containing approximately 90 percent 
M,S,. The concentrates are subsequent- 
ly roasted to produce molybdic oxide. 
Molybdenum powder, which is the 
starting point for all current ingot con- 
solidation processes, is made by the 
hydrogen reduction of molybdenum tri- 
oxide or ammonium molybdate. The 
above chemical operations and reduc- 
tion processes must be carefully con- 
trolled to produce powder of desired 
purity, particle size and particle size 
distribution. 

Because of the adverse effects of im- 
purities on the ductility and workability 
of molybdenum, and because of the 
high melting point of the metal, all 


molybdenum ingots and shapes have 
been produced by powder metallurgy 
techniques in the past. Industrial con- 
cerns such as Fansteel Metallurgical 
Corporation, General Electric Com- 
pany, and Westinghouse Electric Cor- 
poration have, for many years, made 
ingots by such methods. 

The molybdenum powder is gen- 
erally placed in steel-dies and com- 
pacted into ingots under high pres- 
sures. These “green” brittle bars are 
then densified and strengthened by 
electrical resistance sintering. Each end 
of the bar is gripped in a water cooled 
electrode, and a heavy current is passed 
through it. The sintering temperature 
is about 2,340 C. This operation is 
conducted in an atmosphere of pure 
hydrogen to prevent oxidation or con- 
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tamination. The bars are then rolled 
into plate or sheet, swaged into rod, 
drawn into wire or forged special 
shapes. 

The size and shapes of bars made by 
the above method 1s obviously limited 
by the pressures that would be required 
for pressing large ingots and the cur- 
rent requirements for insuring complete 
soundness after sintering. However, 
today it is not uncommon to produce 
sintered molybdenum shapes measuring 
up to 6 in. square, 4 ft long and weigh- 
ing over 400 Ib. 

Another production method is more 

closely allied with conventional powder 

meiallurgy techniques. It consists of 
pressing powder under high hydrostatic 
pressures, and then sintering the green 
ingot im furnaces at temperatures of 
1,500-1,700 C. Westinghouse is now 
produci ing molybdenum by this method, 
using water- saturated hydrogen furnace 
atmospheres. 

Although the average ingot weight 
by this process is about 50 pounds, 
rectangular pieces 5 ft long and weigh- 
ing 700 lb, or rounds 5 ft long weigh- 
ing as much as 1,000 lb can be pro- 
duced. 

Cast molybdenum ingots also are be- 
ing produced. Casting techniques and 
equipment have been vastly improved 
during the past five years with a corre- 
sponding increase in ingot weight from 
25 to 1,000 lb. Six inch diameter 
ingots weighing about 200 lb have 
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The end 


Fig. 1—Arc casting equip- mold that serves as both the n 
ment capable of producing chamber and casting mold. Tl 1 
one-ton molybdenum  in- nating-current arc is sustained betw 
gots. Five years ago, the the consumable molybdenum electi 
maximum size ingot that ik tis emia te ) l 
could be produced by this E 2 0 mda de 1 
process was about 25 rr -— ; 
pounds. Improvements in — 
fabrication and application To ins sOrgcanety, tne mm 
techniques have kept pace. molybdenum ae xided by addit 
OI irbon to the powder and tl 


| 
sultant carbon monoxide is pumy 


melting operations. 1 


oxygen content of the ingot 

maintained below í ) percent p! 
Fig. 2—One-half ton cast vent oxide precipitation at gra 
ingot produced by the Cli- boundaries and. subsequent brittlet 
max Molybdenum Com- It is interesting to note that fra 
pu by arc melting. Such graphic techniques have bee ploy 
ingots are melted directly RE tg, eter s i 

to detect the presence of ese no 
from metal powder. The metal oe lice ae i 
molten metal is deoxidized ————Á— ed I 


prior indication of the forgeabili: 
characteristics of the ingot 
Another type of eq iipment de 

oped by Climax m lakes use of 

formed bar el 

the powder metallurgy 
from arc-cast ingots. In th 

latter unit, vacuum or inert atmospher 
been produc ed regularly by the C mt may be used 


to insure forgeability. 


| 
ectrodes either madi 
pro ess 


rolle ( 


Molybdenum Company. Recent ly de The price of molybdenum powd 
ve loped equipment wit h capacity for ranges between $4-$6 per Ib, w th t 
arc casting a one ton ingot is shown in st Of an ar ist ing P running about 
Fig. 1. One-half ton cast ingot is $10 per | Molybdenum bars cost 
shown in Fig. 2. about $13 per I il the | fo 

The arc-cast process makes molyb- plate ranges from $20-$45 per Ib, d 
denum castings "direct" from molyb- pending ipon plate thi kni r! 
denum powder. The powde: is ex- prices vary somewhat among the fal 
truded into a continuous electrode — ricating producers 


TABLE Il 


690 ( 

it 70 ] 
16.1 x 106 psi it 1,100 ] 
0.307 ıt 80 F 
0.321 it 1,600 | 
10.2 g/« 658 ll 
6.24 cal/gm atom /*( it ZU t 
5.45 x 10^* per deg ( it 20 ¢ 
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Phy sical Prope rties 




















Melting poin 
Boiling point 
Modulus of elasticit 
Modulus of rigidity 


Poisson’s ratio 


Density 

opecihc heat 
Linear coefficient of thermal expan 
3.0 x 10° per deg | 
).349 cal/sec/cm ‘deg £ 


5.17 microhm-cm 


sion 

Thermal conductivity 

Electrical resistivity 

Temperature coefficient of electrical 
resistivity (20—100C 

Heat of fusion.. 


0.0047 per deg ( 
About 50 cal/g 
About 1,340 cal/g 
42 


95.95 


Heat of vaporization 
Atomic No 


Atomic weight 





Crystal structure Body centered cub 


4.20 ev 


4-53.3 x 10-6 gm at 


Electron work function 





Magnetic susceptibility 
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Method of Production 
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Rod 0.050 in. as worked. ..... 
0.050 in. annealed. ..... 


Wire 0.010 in. as worked. ... 
0.019 in. annealed. .... 


Sheet 0.020 in. as worked . ..... 


Table III—Room Temperature Properties of Molybdenum* 
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Modulus, 109 psi 


105-125,000 | 101-115,000 2 a 

105-125 .000 | 100-123 000 - 
....| 108-125,000 | 102-1206,000 | q& OSs3FO 
Sheet 0.020 in. cold rolled... ... 154,000 151,000 Fe z 
0.030 in. hot rolled. ...... 108,000 102,000 1 § 032 ó 
ipea n 3 
* Values are average. Properties vary with fabrication history, directionality, strain | 2 0.31f 53 
rate, metallurgical structure. and other factors. ie 1 
| = 

Table IV—Directionality Effects on Room Temperature Tensile — | 
Properties FI G 3 Temperature, F 





* 0.20 in. sheet annealed at 1,800 F. 
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Physical and Mechanical Properties 


In addition to desirable high tem 
perature properties, molybdenum pos- 
sesses an attractive set of physical and 
electrical characteristics. Its melting 
point is exceeded by only two engi 
neering metals, tungsten and tantalum, 
and by few elements in general. As a 
matter of fact, its melting point is ap- 
proximately 1,800 F higher than cut 
rently used high temperature alloys 

Its specific heat and coefficient of 
thermal expansion are about half of 
that of steel, Table II, and its thermal] 
onductivity is about three times 
haracteristics 
with 


These thermal 
molybdenum 


greater 
provide advan 
tageous heat-transfer and thermal shock 
properties, especially useful where non- 


uniform ten conditions and 
temperature cycling effects are in- 
volved. Dimensional stability is con- 
sequently greater and thermal stress 
problems are lessened. The electrical 
onductivity of molybdenum is about 
l that of copper or 
only, in this respect, by 
gold and magnesium 
Another characteristi 
num is its hign modul 
which makes it favorabl 
tions where high rigidity 


ipe rature 


exceeded 
aluminum, 


silver, 


of molybde- 
is Of elasticity 
for applica 
requirements 
prevail. This modulus is not seriously 
affected by elevated temperatures, as 
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shown in Fig. 3, but varies with sheet 
directionality and cold work. 


Representative room temperature ten- 
sile properties for molybdenum are 
listed in Table III. Considerable va- 
riation exists in the published data on 
the strength properties of molybdenum, 
and it is clear that the mechanical prop- 
erties are responsive to small changes 
in fabrication history. Some indica- 


Table V—Effects of Annealin 


Mol 


M h MAM, ASME 


Fig. 3—The high modulus of elasticity of 
molybdenum makes it especially suitable 
for applications requiring high rigidity. 
Top curve shows Young’s modulus, bot- 
tom curve (solid line) modulus of rigidity. 


tion of the variation in properties with 
sheet direction is shown in Table IV. 
While unalloyed molybdenum pos- 
desirable tensile properties 
whether made from arc-cast ingots or 
powder metallurgy ingots, sheets cross- 
rolled from the latter material are 
more sensitive to 45 deg brittle crack- 
ing when bent cold. 

The effects of annealing treatments 
on the room temperature properties of 
arc-cast molybdenum materials are 
shown in Table V. Below the tem- 


SC55C5 


on- Properties of Arc Cast 
enum 





As Rolled 151,800 154,300 5 
1,600 126,500 131,500 12 
1,700 121,500 124,500 10 
1,800 111,000 117,300 13 
1,900 ,000 105,500 17 
2,000 75,400 88,800 29 
2,100 73,100 91,300 28 
2,200 75,500 90,600 26 
2,300 81,800 88,400 26 
2,400 75,400 78,800 59 
(4 IN. DIA) 
Hot Rolled 99,800 199,100 32 60.9 255 
1,700 91,700 39 59.2 
,900 84,700 90,600 41 65.7 
2,100 54,100 73,100 53 64.2 187 
2,200 50,100 73,600 55 55.6 187 
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perature range of 1,700 to 1,900 F, 
stress relief occurs with no appreciable 
drop in properties; above this range, 
recrystallization takes place with typical 
softening reactions. Severely worked 
metal may recrystallize as low as 1,650 
F, but recrystallization generally begins 
about 1,900 F. Pure arc-cast molyb 
denum has a hardness of about 170 
190 VPN which can be raised to 300 
VPN by severe cold work. Recrystal 
lization drops the hardness to about 
the level of as-cast metal. 


The ductility and reduction of area 
values obtained from tensile specimens, 
provide no indications of any abnormal 
ductility characteristics. Yet, in the 
present stage of development of molyb- 
denum it cannot be considered as a 
completely ductile metal for compre- 
hensive structural usage. Under many 
conditions molybdenum behaves in a 
brittle manner. lt is quite "strain rate" 
ind "notch" sensitive and when sub- 
jected to complex stresses or impact, 
such as in gas turbine blading, for ex- 
ample, will exhibit poor toughness 
characteristics at room and moderate 
temperature conditions. 


When as cast, or in an equiaxed 
recrystallized condition, metal exhib- 
its poor room temperature impact prop- 
erties and fails in a brittle manner un- 
der impact conditions. This anomalous 
behavior of recrystallized material, 
which ordinarily would have superior 
ductility characteristics over wrought 
material, is the subject of considerable 
research. Under Office of Naval Re- 
search contract, Battelle Memorial In- 
stitute and Johns Hopkins University 
are investigating the factors responsible 
for this phenomenon. At present, it is 
believed that embrittlement is caused 
by impurities. Intergranular brittleness 
has been shown to be related to the 


> 
£ 
V 
2 
e 80 120 
: 2 
< I 
$ ¢ 
z 60 $5 90 
8 D 
9 t 
2 ul 
* 40 a 60 
? 5 
D £ 
c O 
9 
* 20 30 
e 
2 
w 
o o 
FIG 4 


Propuct ENGINEERING — January, 1952 
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brittleness iy. also be luc to i 
ties. Recent work at Battelle has shown 
that high purity molybdenum has 
greater ductility than commet 
grades. Under some conditio 


which commercial molybdenum has 


zero ductility, high purity motybden 


! 


in the as cast condition is ductile. Sin 


gl crystals of ommercial purity moly! 


denum, grown at Johns 
ductile in 
strain-rate 


| 
Hopk ns arc 
tensile | 


tests, but are still 
sensitive 

Wrought material exhibits greater 
ductility than recrystallized material, 
and the experience of the molybdenum 
industry in working either powder 


metallurgy, or arc-cast molybdenum 
gave rise to the conclusion that a 
fibrous structure was essential for 


However, more 
cate that impurity 


ettects are the more important 


maximum ductility. 
recent findings indi 
factors 

Similar to steels and other body cen 
tered cubic metals, molybdenum dis 
plays a transition temperature effect; 
it undergoes a transition from ductile 
to brittle fracture temperature 
of deformation is lowered. The transi 


as thc 


tion temperature is a function of the 
Com 
plicated stress systems (triaxial stress 
es) and high rates of loading raise the 
temperature at which brittle fracture 
occurs. With the standard notched bar 
Charpy test, molybdenum is brittle at 
room temperature 
tion-temperature curves for molybde 


state of stress and strain rate 


The energy absorp 


num are shown in Fig. 4 for a variety 
of test specimens. 
While the temperature at which 


commercial molybdenum becomes duc 
tile 
the specimens used, the range over 
which the fracture transit 
sharp, sometimes o 


varies with the stress systems of 


n o Its 


urring in 
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1600 


Fig. 4—Molybdenum is 
relatively brittle at room 
temperatures. The transi- 
tion from this brittle to 
a ductile state occurs over 
a short temperature 
range as temperature is 
increased, but the tem- 
perature of transition var- 
ies with the stress system 
of the specimen. High 
values may give difficulty 
in fabrication and as- 
sembly operations. 
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Fig. 5—Effect of strain rate on tensile properties. _Sfainless fi 
On a log plot of strain rate, a straight line rela- 


tionship ensues. 





Fig. 6—How the tensile strength of molybdenum 
compares with other heat resistant metals at ele- 
vated temperatures. Above about 1,400 F it is 
superior to most alloys, and above 1,800 F it still 
has appreciable strength. 
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Temperature, F 
Fig. 7—Effect of temperature on swaged and recrystal- 
lized specimens of modybdenum produced by the powder 


metallurgy process. Test specimen was } in. diameter. Fig- 
ures on curves indicate elongation in 14 inches. 


Fig. 8—Hot hardness curves for molybdenum pro- 
duced by powder metallurgy techniques and by arc- 
casting. The behavior patterns in all material are 
similar, even though values differ. 


High Temperature Properties 


source of molybdenum powder and 
purity of the powder, method of con- 


The known high temperature 
strength properties of saddam 
have been responsible for the extensive 
interest in this metal for applica- 
tions such as turbine blades, rocket 
nozzles, combustion chambers, and 
similar applications. Information avail- 
able several years ago, indicated that 
above about 1,600 F, the creep and 
stress-rupture properties of commer- 
cially pure molybdenum were superior 
to those of any of our high temper- 
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ature alloys, which are either cobalt, 
iron or nickel base alloys. In Fig. 
6 is a comparison of the high tem- 
perature tensile properties of mo- 
lybdenum with some of our super al- 
loys; whereas the strength characteris- 
tics of presently used high temperature 
alloys deteriorate rapidly above 1,650 F. 
moly still retains useful strength prop- 
erties. 

Of course, the high temperature 
properties vary considerably with the 


solidation, fabrication history and other 
factors. Comparison of properties is 
apt to be misleading unless the speci- 
mens have received equivalent amounts 
of work. or are in comparable states of 
recrystallization. A recent comparison 
of the properties of arc cast and pow- 
der metallurgy specimens revealed 
equivalent properties when the metal- 
lurgical history and structure of the 
samples were equivalent. 

Data on the high temperature prop- 
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ertiés of powder-metallurgy molyb- 
denum has been published by the 
National Advisory Committee for 
Aeronautics and by Battelle Memorial 
Institute. The effects of temperatures 
on the tensile strength and hardness 
of molybdenum are shown in Figs. 

and 8. Note that the recrystallized 
specimens had lower strength values 
than the swaged specimens at all tem- 
peratures. Only at temperatures above 

2,000 F do the values approach each 
other, presumably due to recrystalliza- 
tion of the wrought material at these 
elevated operating conditions. 

Of more importance to the design 
engineer concerned with turbine blade 
development are the stress-rupture and 
c properties of molybdenum. These 

lata provide a more reliable index of 
the long-time high temperature be- 


havior than hot hardness or short time 
elevated temperature tensile tests. 
Creep-rupture data are still preliminary 
Nevertheless, the results indicate that 
the creep properties of commercially 
pure molybdenum at 1,800 F - 
above are superior to commercial higl 
temperature alloys. Creep-rupture dde 
for molybdenum within the temper 
ature range of 1,600-1,800 F inclusive 
are shown in Figs. 9 and 10 in com 
parison with several commercial al 
loys. Part of the Navy program at 
Battelle is concerned with the measure 
ment of the creep-rupture and other 
high temperature properties and the 
study of the factors affecting them 
Tests conducted at these high temper- 
atures require several special tech 
niques, and the specimens must be 
protected against oxidation 


Oxidation and Corrosion Resistance 


When molybdenum is heated in air, 
a trioxide molybdenum, M,03, is 
formed on the surface. The oxide has 
a low melting point—1,460 F—and 
vaporizes below the melting point even 
in atmospheres containing small 
amounts of oxygen. At 1,800 F, for 
example, in slow flowing air, molyb- 
denum oxidizes at the rate of 0.02 to 





10 
Rupture Time, hr 
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0.05 in. per hr. Obviously such a 
metal weight loss would make the use 
of the molybdenum under oxidizing 
conditions impossible. 

Various methods of overcoming the 
poor oxidation characteristics and pro- 
viding adequate surface protection are 
being investigated, and some are mod- 
erately successful. However, no method 
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10 
FIG 10 


M molybdenum at (A) 
2,000 
Alloy X-40 is a cobalt base alloy pro- 
duced 





has yet been developed that provides 
ompletely reliable oxidation prote 
tion, particularly above 1,800 F, and 
at the same time leaves the room t 
perature. ductibty unchanged 
Most of the processes can be classi 
fied under the Eois types of either 
diffusion" coatings or ceramic coat 
rs. The former consist of covering 


iii}! 


the surface, by electroplating, vapor 
phase deposit ion, or cladding, with a 
tel that has better resistance to ox! 
lation than molybdenum or that forms 


h it 


an oxidation resistant alloy wit 
These coatings eventually fail becaus 
of the diffusion of molybdenum into 
the protective layer. Above a certain 
surface concentration of molybdenum, 
rapid oxidation then occurs. Coatings 


} 


of aluminum, chromium and nickel 


have provided some degree of prot 
tion, but th most promising prot 


by coating 


tion has been displayed 
of molybdenum disilicide. Life tests of 
over 5,000 hr. at 1,800 F, and over 
300 hr. at 3,100 F have been obtained 
with coatings 2 mils thick. The coat 
ings have also shown good service 
under load and when subject to ther 
mal cycling. The coating melts at 
about 3,300 F, thus limiting the useful 
temperature range, and methods still 
ene 

in thicker layers and in a more feasib! 


to be developed for deposition 


and economical manner. Vapor depos! 
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Fig. 9—Creep-rupture properties of 
F (B) 1,80 F and (C) 1,600 F. 
by Haynes Stellite Company. 










































































































































































































ton techniques are currently 
used. 

The Fansteel Metallurgical Corpora- 
tion has recently announced the availa- 
bility of siliconized molybdenum bar, 
rod, wire, tubing and fabricated parts. 
Electric resistance heating elements, 
nozzles and jets for gas and oil burners, 
thermocouple tubes and jet engine parts 
are promising applications for these 
coatings. Unlike ceramic coatings, the 
siliconized coating is a conductor, so 
that electrical contact can be made 
through the coating. 

Some ceramic coatings have also 
shown excellent promise. Coatings de- 
veloped by the Bureau of Standards 
showed no deterioration when exposed 
in air at 1,650 F for 70 hr. Unprotected 
0.040 sheet molybdenum lost half its 
original thickness after 4 hour at the 
same temperature. Firing temperatures 
of ceramic coatings are also above-the 
recrystallization temperature of molyb- 
denum so they suffer from the same 
disadvantages discussed previously. Un- 
doubtedly, both diffusion and ceramic 
coatings provide adequate protection 
for usage not invoiving severe shock 
or impact loading. Both types, how- 
ever, must be nonporous, gas-tight, and 
free from bellos to insure re- 
liable protection. 

Cladding of molybdenum with 
nickel or Inconel has been shown to 
be feasible for some high temperature 
applications. However, the relatively 
low melting points of the cladding ma- 
terials, edge effects, and temperature 
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limitations will limit the use of such 
methods. 

The development of oxidation re- 
sistant alloys is also being investigated, 
although this approach does not ap- 
pear to offer much promise, at least 
at this stage of the alloy picture. Alloys 
have been developed with significantly 
superior oxidation resistance as com- 
pared to = molybdenum (but still 
excessive for engineering usage). How- 
ever, the amounts of alloying addi- 
tions required to provide this im- 
proved protection are sufficient to 
make the alloys completely unworkable. 

It has been reported that molyb- 
denum can be deposited as an adherent 
coating upon base metals by low 
temperature decomposition of molyb- 


denum carbonyl vapor (pyrolitic 
plating). While the process has not 
been completely perfected as yet, it 
has been applied on a small scale to 
such components of electrical -= 
ances as copper magnetron anodes, 
magnetron rings, etc. Thin coats of 
metallic molybdenum can also be 
electrodeposited from aqueous solu- 
tions of molybdic acids containing high 
concentrations of salts. Formates, pro- 
ionates, fluorides and phosphates have 
e successfully used. Copper, nickel, 
and iron cathodes have been coated 
with molybdenum with a plate thick- 
ness of approximately 0.003 mm. Co- 
balt, iron and nickel alloys of molyb- 
denum can be codeposited from these 
baths and from aqueous citrate baths 


Fabrication and Processing 


As indicated earlier, the forging and 
rolling of massive molybdenum have 
advanced to the stage where equip- 
ment size limitations represent the ma- 
jor problem in working large pieces. 
Powder metallurgy ingots are usually 
broken down by rolling whereas cast 
ingots are either forged initially or 
rolled. The cast ingot must be turned 
down to remove rough surface layers 
prior to working. Working temper- 
atures are in the neighborhood of 
2,400 F. 

For successful forging of molyb- 
denum the oxygen content must be 


Fig. 


American Electro Metal Corp. 


11—Round molybdenum extru- 
sion and the rectangular sintered bar 
from which it was made; the scale is 
calibrated in millimeters. A tungsten 
die lubricated in the normal way was 
used for production of this piece. 


Fig. 12—Typical recrystallization time-temperature data for 0.02 


maintained below a certain minimum. 
Carbon is presently used as a de- 
oxidizer in the arc-cast process, but 
carbon in excess of 0.06 per cent also 
results in non-forgeability due to car- 
bide formation. Research is currently 
underway on the investigation of other 
deoxidizers that might be more efficient 
and powerful and several of these ex- 
hibit promise. 

Forged or rolled billets can be sub- 


sequently rolled into rods, bars, 
rounds, sheet, strip or extruded into 
tubing. 


Some recent work has indicated that 






in. rolled molybdenum sheet. Below 1,600 F no recrystallization 
was noticeable after long time exposure of 134 hr at temperature. 


Propuct ENGINEERING — JANUARY, 




















2 Fe tC ais Al 


hau Rafa iem io 


E 





onini ta Mr Soo Spa ir i ds 
























































in 
th 


aie & P". v ^ 













































tic 
iot 
it 
to 
li- 
es, 


be 
lu- 


ro- 
ive 


im. 
de- 
Dut 
lso 
ar- 
itly 
her 
ent 
ex- 


ub- 
irs, 


nto 


hat 


952 


ub Abe tt 


ia dare 


Vac oid eh rat a. 


j 
3 
i 












molybdenum ingots can be directly ex 
truded into tubing by the recently de- 
veloped Ugine-Sejournet process which 
employs special lubrication techniques. 
Using materials, such as glass, which 
have wide melting ranges and are 
viscous at the extrusion temperature 
as lubricants between the die and the 
work piece, alloys normally difficult to 
roll or forge have been successfully 
extruded. Uniform working of the 
ingot is obtained, and it is anticipated 
that greater strength and toughness 
characteristics will result. 

There is good reason to believe that 
some of the higher strength molyb- 
denum alloys which are now under 
development and which are difficult to 
forge can also be successfully extruded 
by this process. Several American com- 
panies are licensed under this process 
and plant facilities are now being 
established in this country. As shown 
in Fig. 11, a fair degree of success also 
has been obtained with conventional 
extrusion of molybdenum billets. 

As a result of the high transition 
temperature of molybdenum, forming 
operations as shearing, bending, crimp 

ig, drawing, upsetting and spinning 
should be performed at elevated tem- 
peratures to minimize the occurrence of 
brittle cracks, particularly for heavier 
stock. For those forming operations in 
which the applied stresses are of a 
complex nature, rates of deformation 
should not be high. Many forming 
operations which result in cracks when 
conducted at room temperature are en- 
tirely feasible and readily performed at 
temperatures of about 400 F. The 
initial drop in hardness resulting from 
moderate temperature treatment as 
shown in Fig. 8, helps to explain this 
increased workability. 

However, sheet can be cold rolled to 
a thickness of 0.001 in at room tem- 
perature. "Know-how" has so in- 
creased that cross-rolled molybdenum 
sheet under 0.020 in. can be bent 180 
deg. in any direction around a 1-T 
bend radius. Between 0.020 and 0.040 
in. sheet thickness, working should 
take place within the temperature 
range of 200 to 325 F, and for heavier 
stock 900 to 1,000 F temperatures 
should be employed. 

Similar recommendations also hold 
for blanking, punching or shearing. It 
has been reported that such operations 
require sharp dies to avoid lamination 
and cracking of the sheet, and that it is 
good practice to heat the dies with 
infra-red lamps. 

In drawing molybdenum, the num- 
ber of draws should be held to a 
minimum to avoid the possibility of 
cracking; and if possible, the “part 
should be designed to be drawn in one 
operation. Materials such as aluminum 
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Table VI 


Corrosive Medium 


HsSO,, dilut 20 
H$;SO, dilut 100 
H*SO,, con 20 
HsSO, conc 110 
HCl, conc... 20 
HCl, cone 100 
HCl, dilute 110 
HNO,, conc 20 
HNO,, 25 percent 20 
HNO,. conc 100 
Aqua Regia 100 
HI 20 
HF 100 
HF + HNO 20 
H;PO,, 10 percent 20 
H,PO,, 10 percent 100 
Chlorine, dry 

Bromine, dt 

Iodine, dry S00 
Fluorine, dr 20 
Air 20 
Nir 

Hydrogen 

Oxygen, dt 

Nitrogen 

CO 

CO. 

Water 20 
Steam 700 
H.S 20 
HS 1200 
NH,OH solution 20 
NaOH, 10 percent solution 100 
NaOH Fused 
Sulphur, dry 

Carbon 


* Fansteel Metallurgical Corporation 


bronze with low coefficients of friction 
are recommended die materials. Steel 
dies well lubricated with light oil have 
also been used 

Molybdenum can be spun into many 
shapes using conventional techniques 
and temperatures of from 200 to 400 
F. As in other forming processes, the 
heavier the sheet and the greater the 
reduction, the higher is the tempera 
ture required for successful forming 
Aluminum bronze tools or other mate 
rials with low coefficients of friction 
are also employed for spinning. 

Cross-rolled sheet usually is specified 
for drawing, spinning and forming 
operations to insure that the sheet have 
sufficient ductility for forming in all 
directions 

Seamless molybdenum tubing is 
available in dimensions from 4 in. OD 
down in several wall thicknesses. Such 
tubing is extruded and drawn to size 

If the forming operations require 
intermediate annealing treatments, the 
time-temperature conditions should be 


January, 1952 


Temperature 





Chemical Properties of Molybdenum* 
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selected to prevent recrystallization and 


thus avoid embrittlement of the sheet 
Stress relieving can generally be accom- 
plished below 1,900 F and one fabrica 
tor recommends an annealing tempera 
ture of 1,830 F for not more than 3 
minutes. A typical recrystallization 
time-temperature 0.002 ın 
rolled molybdenum sheet is shown in 
Fig. 12. Below 1,600 F no recrystal 
lization was noticeable even after 134 
hr. while at about 1,900 F recrystalliza 
tion started. after 2 hours 


curve for 


With respect to machining opera 
tions, molybdenum can be shaped, 
sawed, turned, reamed, drilled and 
bored. Molybdenum machines with a 


crumbling chip, and tungsten arbide 
tools are recommended, 
possible to use high speed stet 
The machining properties ox 
with worked molybdenum when a uni 


ilthough it is 


1+ 
i TOOIS 


best 


form fine fibrous structure exists. Th 
lepth of cut should always be greater 


] 


than 0.005 in. to minimize tool wear 
I 


lo prevent chipping, the tools 


must be 
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very rigidly supported. Tool angles 
and rakes similar to those used for 
cast iron work are satisfactory. 

For turning and milling, sulfur-base 
cutting oil lubricants have proven satis- 
factory. Sulfur-base cutting oils are also 
recommended for drilling, tapping or 
threading. High speed steel drills and 
carbide drills with drill speeds of 30 
to 35 fpm and a feed of 0.003 in. are 
recommended.  Re-threading or re- 


tapping should be avoided to prevent 
chipping. For grinding molybdenum, 
aluminum oxide, silica borided wheels 
have proven satisfactory. Wheel speeds 
of 6,500 fpm should be used with a 
maximum depth of grind of 0.0002 
in. Grinding should always be per- 
formed with plenty of coolant. Highly 
polished nibus similar to the best 
chromium plate can be obtained by 
using standard buffing wheels. 


Welding Characteristics 


Although molybdenum can be suc- 
cessfully resistance welded and arc 
welded, the weldment usually is brittle 
at room temperature. This definitely 
poses fabrication and assembly prob- 
lems for high temperature structural 
applications, particularly when the 
uses involve forming and joining 
molybdenum sheet. 

The problem of ductile molybdenum 
weldments is intimately connected with 
the general problem of molybdenum 
brittleness discussed earlier in this 
article. Since unworked cast molyb- 
denum and recrystallized molybdenum 
are usually brittle at room temperature, 
weldments involving the formation of 
exquiaxed grains by melting and by re- 
crystallization in the heat zone also 
would be brittle. Battelle Memorial 
Institute, among others, is investigating 
the problem of the welding of molyb- 
denum and some interesting welding 
experiments are being planned with 
the more ductile high purity molyb- 
denum. Even with this type of mate- 
rial, care must be exercised in the weld- 
ing operation to prevent atmospheric 
contamination, for the most ductile 
material will be embrittled by oxygen 
pick-up from non-inert atmospheres. 
Only inert gas is allowed to come in 
contact with the weld. Westinghouse 
. has also investigated the use of sub- 
merged arc welding. In such a process, 
the consumable welding electrode is 
not in contact with the work, but the 
current is carried across the gap 
through a protective flux. 

Hot working of the weld imme- 
diately after welding can be employed 
to break up the cast and equiaxed 
structure and to provide weld ductility. 
Another possibility to avoid weld 
brittleness is the development of weld- 
ing techniques which do not put the 
metal in the molten condition. Spot 
welding without fusion and “solid 
state" pressure welding of molybdenum 
are two approeches currently being in- 
vestigated. As yet it is too early to 
report any definite progress on this de- 
velopment. 

Many electronic components fabric- 
ated out of molybdenum sheet are 
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brazed with copper or silver solders. If 
the surfaces are clean, no flux is re- 
quired. Spot or seam welders can be 
used. For applications in which the 
operating temperatures are above the 
melting points of copper or silver 


solder, tantalum foil has been em- 
ployed as a brazing material with ex- 
cellent results. The latter requires 
brazing under water to prevent oxida- 
tion. 

Molybdenum, platinum and palla- 
dium eutectic alloys have also been 
employed. A nickel-chromiun alloy 
containing 2 to 3 per cent boron (Wall 
Colmony No. 6) has been reported to 
be a good brazing alloy for service con- 
ditions up to 2,000 F. The presence 
of nickel in brazing alloys is considered 
helpful. 

Furnace brazing of heavier molyb- 
denum sections requires the use of 
hydrogen or inert atmospheres; silicon- 
izing after brazing is not recommended. 
Molybdenum has also been success- 
fully joined by riveting operations 
using “moly” rivets. 


Alloys of Molybdenum 


The striking high temperature prop’ 
erties of commercially pure moly 
denum have led, naturally, to investiga- 
tions of molybdenum base alloys that 
would possess superior properties. 
Numerous contemplated high tempera- 
ture structural applications require 
higher strength properties than ex- 
hibited by pure molybdenum. 

The Climax Molybdenum Company, 
under Office of Naval Research con- 
tract, is conducting a comprehensive 
investigation of arc-cast molybdenum 
alloys, and has recently reported the 
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results of the study of binary molyb 
denum rich alloys. Some seventeen dif- 
ferent alloying elements were explored 
consisting mainly of the transition ele- 
ments. Table VII summaried the 
hardening effects of the various ele- 
ments investigated. The potent effects 
of many of the elements on increasing 
the hot hardness of molybdenum are 
shown in Figs. 13 and 14. Nickel, 
cobalt and iron appear to be potent 
alloying elements for increasing high 
temperature tensile strength and hard- 
ness, as does beryllium. However, high 
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hardness complicates fabrication. Only 
nominal amounts of alloying additions 
—much less than the solid solubil ity 
limits of the alloying element at the 


Vickers hardness Vick 
forging temperature—are permissible at room temperatur at 1,600 | D 
without exceeding forgeability limits. As cas innealed in 00 ! 
A recent study of molybdenum-base MER Be ; 
alloys made by powder-metallurgy lidade Ni. Si N 
techniques, indicated that the amount ( ( ( 
of useful alloying additions was gen- X 
erally less than one per cent. C x 7r “al 4l 
| \ \ 
The hardness of arc-cast molyb- Ta, Ti, Cb ( 
denum is 1,600 F is about 70 VPN Lowest W 1 
and only alloys that are lower than 90 Hardness N 
VPN are forgeable. However, material 
with higher hardness values can be ex- Table Vill—Creep Properties of Molybdenum Alloys* 
truded. Indications are that with hot 
working of the alloys at 1,600 F hard- l'oral Conti 
nesses as high as 180 VPN are Alloy Addition, Rupt elongation, | Stage) 
possible if suitable extrusion dies could percent in weight time, hr. perci p 
be developed. Molybdenum alloys 0158s zm 
themselves might serve as the die mate- 20 V 234 7.9 ) 
rials. It is apparent, that for the pres- 0.15 Co 163 7.2 ( 
ent at least the dilemma is the neces- 
sity of developing materials which re- * At 1,800 F and 20,000 psi. Specimens were nickel clad to prevent oxida 
sist [ge flow at temperatures of (Batelle Memorial Institute) 
2,000 F and higher and the practical 
situation of having to work these alloys 
at these temperatures. Until hot work- techniques may prove to be feasible. hardness. Quenching from abo 
ing techniques can be developed, to The molybdenum- beryllium alloys 3,000 F raises the hardness to 4% 
utilize the full strengthening potentiali studied by € limax exhibited interest ing VPN App propriate aging ( 
ties of alloying elements, the selection — reactions to heat-treatments. The h: ird- increases this hardness still further 
ot an alloy for applications requiring ness of these alloys probably can be maximum of about 675 VP N. [he hi 
hardness and strength at elevated tem- controlled by heat-treatment, since they hardness of a fully aged sam 
peratures will involve compromises be- displayed precipitation hardening char- about 570 VPN at 1.400 F and 
tween the desired hardness and the acteristics that are currently being more VPN at 1.600 F. Overaging at 1 OF 
ability to hot work the alloy. For cer- fully explored. is slow and it appears that the ele l 
tain shapes and applications, process- The hardness of an annealed Mo-Be temperature strength and hardness of 
ing alloys by powder metallurgy — 0.15 per cent alloy is about 230 Vickers precipitation hardened Mo-Be allovs 
can be maintained. for appre 
g periods of time in service, at operating 
i temperatures up to 1,750 F 
= The development of heat-treatabl 
£s alloys will allow the application. of 
31000 working and hardening techniques 
$ commonly used in the steel and ni 
bon ferrous industries. Softening heat | 
2 800 ments would permit forging oO xt 
i sion. and by appropriate heat tt 
F ment, full hardening potentialities « 
$ the metal can be developed. It 
E 600 quite conceivable that molybden 
iz beryllium alloys may occupy a si 
2 position to molybdenum alloys 
: b eno copper beryllium does to copper 
a alloys 
All of the elements investigated 
Bt ttt ert with the exception of carbon raised 
200 the recrystallization temperature. Ti 
tanium alloys exhibited the highest 
i FIG 14 Weight, percent crystallization temperatures, and 
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Iable VII—Relative Ability of Various Elements to Harden Molybdenum 





 — 


Fig. 14—Dynamic hardness of molybdenum base alloys after one hour at 
3,000 F. These materials contained smaller amounts of alloying elements than 
those in the previous illustration. Fabrication problems limit additions. 
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is preliminary, and considerable morc 
work is required before final conclu 
sions can be drawn concerning useful 
alloys. Climax is still continuing its 
program on alloy forgeability, deve lop 
ment of improved alloys, improvement 
of properties by heat-treatment, and 
deoxidation studies, all aimed at de 
velopment of useful refractory molyb 
denum base alloys. The most promis 
ing of the alloys are being int ensively 
studied to determine optimum com 
position ranges and to establish desired 
engineering data 

Battelle studies with powder-metal 
lurgy alloys for the U. S. Air Force, 
supported these findings. Binary and 
ternary alloys were investigated and thi 
outstanding crec p-rupture properties of 
all the alloys tested are shown in Tabk 
VIII. Under similar conditions. molyb 
denum ruptures in less than 50 hours 


Westinghouse is marketing a pro 
prietary alloy, known as “M2A”’, that 
has greater strength and ductility than 
pure molybdenum. In comparison with 
molybdenum, for drawn and annealed 


wire, the M2A alloy is about 25 per 


A pplications 


The major interest in molybdenum 
ind molybdenum alloys as high tem 
perature materials is directed primarily 
toward gas turbine blading, combus- 
tion chambers, and similar applications 
Thompson Products —2€ IS nOW 
engaged in the development of molyb- 
lenum turbine blades, Fig. 15. The 


illoys that have been developed to date 
requisite high temperature 
strength properties, but better protec- 
tive coatings and 


have thc 


greater toughness arc 





Fig. 15—Molybdenum turbine blade currently under development by Thomp- 
son Products Company, and an etched cross section of the rough forging. 
Upset and first blockdown were performed at 1,800 F, while the second block- 
down and coining operations were done at 2,000 F. 





Fig. 16—Spun cups. Molybdenum can be formed by spinning at temperatures 
between 200 and 400 F. Aluminum bronze tools, or tools made of other 
materials with a low coefficient of friction are preferred. 
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cent sironger. For worked material, 
the alloy ranges from 17 to 75 per cent 
stronger and has appreciably more 
ductility. Its high temperature hard 
ness, as measured up to about 1,100 F, 
s also superior. 


and Future 


nceded before molybdenum alloys will 
be fully accep ‘ted as blading materials 
Aside from potential high tempera 
ture ap plications, there are other in 
dustrial usages for which molybdenum 
and molybdenum base alloys may prove 
practical. Their use as die materials 
for die-casting brass wd other rela 
tively high melting alloys appears most 
promising. Piping, tubing, liners and 
valve applications in the chemical and 
related industries can take advantage 
of its non corrosion properties. Its use 
for metal working tools appears likely. 
There is little doubt that as a result of 
government and industrial programs 
now underway molybdenum will soon 
occupy a competitive position as a 
structural engineering materia! 
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ot torces acting on 


Pyramid type bending roll machine and diagran 


he rolls and plate being formed 


Method for calculating data needed for the detail design of pyramid type bending 


rolls. Forces acting on rolls are analyzed and equations derived for diam- 


eters of top and bottom rolls to curve plate of different widths and thicknesses. 


E. A. RANDICH 


IN THE DESIGN of all metal working 
machines, before the engineer can pro- 
ceed with the detail design of frames, 
housings, journals, bearings and gears, 
he must know the forces and work 
loads present in the fabricating opera- 
tions. Such knowledge frequently can 
be obtained only by tedious and pains- 
taking study and analysis. 

The objective of this article is to 
present an accurate method that facili- 
tates the calculation of the data needed 
for the detail design of bending rolls 

Assume that a pyramid type of 
bending machine is to be designed, in 
which rolls of equal length L are dis- 
posed as shown in Fig. 1. The bottom 
rolls have a diameter d and are spaced 
on a center distance C equal to Bd. 
The top roll has a diameter D equal 
to kd. The material in the rolls has 
a modulus of elasticity E. The rolls 
are to curve plate to a minimum diame 
ter D’ equal to akd. The plate material 
to be formed has a yield point stress of 
Sy psi. 

The top roll is loaded with the force 
P required to bend the plate, and the 
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plate IS supported at the points ol 
tangency by the bottom rolls. The 
force P is the resultant of two equal 
component forces F that act normal to 
the surfaces of the bottom rolls at the 
points of plate tangency 

Where point A in Fig 1 ts the cen 
ter of curvature of the smallest diame 
ter to which the plate is to be rolled 
and neglecting the thickness of the 
plate, the relation between P and F is 
given by similar triangles as 


or 


which when substituted in Eq (1) 


gives 


P Vi + ak)? 


I 0.5 (1+ ai 


| y 
24/1] — 2 
$ l t o : 


For the conditions that the rolls are 
simple beams uniformly loaded and 
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Considering the plate to be load 
is a simple beam, the | ending moment 
Mp on the section cf the plate midway 


$ 


tween the bottom rolls i 


tion of thickness ¢ and width Z 
having a yield nt S,, the mo 
Mp required to bend the plat 


Design curves similar to those 
shown in Figs. 2 and 3 can be 
readily constructed from sim- 
ple logarithmic formulas that 
can be derived for plates of 
different physical properties 
and for bending rolls of vari- 
ous proportions and center dis- 
tances. 


Fig. 2—For conditions as cit- 
ed in the example: The solid 
line curves give d when L/t is 
greater than 109; the broken 
line-and-dash curve gives D as 
a function of d when L/t is 
greater than 151.5; and the 
dash line curve gives D as a 
function of d when L/t is less 
than 151.5 but greater than 
109. 


Fig. 3—For conditions as cit- 
ed in the example; the solid 
line curves give d, and the 
dash line curve gives D as a 
function of d, for L/t ratios 
less than 109. 


Equating Eqs (6) and (7) 


2 Sy Le (1 T ak 


jap kd 


P (8) 

Considering the top roll to be a 
uniformly loaded simple beam, the 
bending moment M; required to pro- 
duce a maximum stress 5, in the out- 
side fibers of the top roll is 


T BAS, 


PL DS 
Mg = ; i 1 (9) 


P = x PËS AAL (10) 


By the same reasoning, the relation 
between the load F on the bottom rolls 
and the maximum stress S, in the out- 


side fibers of the bottom rolls is 
F = r PS:/4L 11 


From the condition that all rolls have 
the same deflection at their mid- 
lengths, from Eqs (4), (10) and (11) 


S = Si t 12 
By equating Eqs (3) and (10) th: 
relation 
Si = 4.8 Ekdf,/L? (13 
is obtained, which inserted in Eq (10) 
gives 
P2327 PS E/D 14 


Finally, the relation between d, fı, 
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d, lower roll diametern, in. 


D, top roll diameter, in. 


a 





























L, plate width, in. 


S,, L and ¢ is obtained by equating 
Eqs (8) and (14), which yields 
S,I48 (1 + ak)! 
5.66 a8 Rf, E 

The diameters of the bottom and 
top rolls of a bending machine for 
rolling plate of any width and thick- 
ness can be calculated from Eq (15) 
for the conditions that: All rolls are 
made from materials having the same 
modulus of elasticity; all rolls have 
the same length; and all rolls have the 
same deflection at their mid-length. 

As an example to demonstrate how 
the design proceeds from Eq (15), 
assume that a steel plate of width L 
and thickness ¢, having a modulus of 
elasticity of 29,000,000 psi and a yield 
stress of 45,000 psi, is to be rolled to 
a diameter not less than 1.5 times the 
diameter of the top roll; a fiber stress 
of 15,000 psi in the rolls is not to be 
exceeded during rolling; the maxi- 
mum allowable deflection of the rolls 
is 0.001 in. per in. of roll face; and 
the center distance between the bot- 
tom rolls is to be 1.5 times their di- 
ameter. From these requirements 

E = 29,000,000 S, = 45,000 

f =0O0.001L a=1.5 B= 1.5 
Then for Eq (15), the quantities E 
and d are unknown. 

Calculate & by equating Eqs (2) 


d = (15) 


and (4) results in the relationship 


ge 2d — f > Td 2 


from which & = 1.135 
Putting these values in Eq (15) 

d - 0.174 D? (16) 
taking the logarithm of both sides, Eq 
(16) becomes 

log d — (3 log L4-2 log t—0.75)/5 
log d=0.6 log L+0.4 log t—0.15 (17) 
With value of d as calculated from 
Eq (17), the distance x from Eq 
(5) is 


3*X15X 5H T 
= 9 
x 1+15 x 1.135 0.9454 


the bending moment from Eqs (6) 
and (7) 


Mp —0.2362 Pd — 7,500 L* (18) 


Pd = 31,785 L# (19) 
From Eq (10) 

PL = 1.15 #@S, (20) 
Combining Eqs (3) and (20) 

S; - 158,100 d/L (21) 


From Eq (21) it can be seen that 
the stress $, is greater than 15,000 psi 
when the L/4 ratio is 10.55 or smaller. 
From Eqs (12) and (21), the stresses 
S, and $, are greater than 15,000 psi 
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D, diameter of top roll, in. 








d, diameter of lower rolls, in 
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L, width of plate, in. 


when the L/d ratio is 9.29 or smaller. 
Since from Eq (16) 


(L/dy 2 5.76 (L/1)* 
for the critical ratio L/d equal to 
10.55, the relationship between L and 
t is 
L = 151.52 
and for the critical ratio L/d equal to 
9.29, their relationship is 


L = 10% 


From these relations, to obtain a 

roll stress of not more than 15,000 
psi it can be concluded for the condi- 
tions assumed in this example that: 
A. When the width of the plate is 
equal to or greater than 151.57, Eq 
(17) can be used to calculate the di- 
ameter of both the top and the bottom 
rolls. When the L/: ratio is less than 
151.5 but greater than 109, Eq (17) 
can be used to calculate the diameter 
of only the bottom rolls. In Fig. 2 
the solid line curves give the relations 
between d, L and ¢ for values of L/t 
greater than 109, and the relation be- 
tween d and D when L/t is greater 
than 151.5 is given by the ace 
line-and-dash curve. 
B. When the width of the plate is 
between 109¢ and 151.5¢, the top roll 
diameter must be increased to reduce 
the stress in this roll. 


For Case B, an equation for the 
diameter of the top roll is formed by 
combining Eqs (9) and (19) and 
setting S, equal to 15,000 psi, whence 

D = 1.39 J/(Losjd 

In Fig. 2 the relation between 4 
and D when the L/ ratio is less than 
151.1 but greater than 109 is given 
by the dash line curve. 

C. When the plate width is equal to 
or less than 109/, the diameter of all 
rolls should be increased. 

For Case C, when the stress in all 
rolls exceeds the permissible stress of 
15,000 psi, the roll diameters are de- 
termined from the condition that the 
bending stresses in the three rolls are 
equal rather than their deflections. 

The stress 5, in the top roll and the 
stress $ in the bottom roll are given 
respectively by 

Sı = 4 PL/r D’, and S, =4 FL Iad 
then for the condition that $, equals 
Se 

P/F = (D/d? = è 
which when substituted in Eq (2) 
gives 
k = 1.19 


With & equal to 1.19, the new value 
for x is calculated by Eq (5) to be 


x = 0.953d 
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From Eqs (6) and (7) 


0.9534 P 45,000 LT? 
4 6 


or P 31,500 L,2/d 


substituting this value of P and the 
value 1.19 for & in Eq (9), the di- 
ameter of the bottom roll ts 


d=1.12 VL: 
and since D equals £4 
D 1.19 4 


A formula similar to Eq (17) can 
be written for D the diameter of the 
top roll as 

log D — 0.5 L 4- 0.5 log t 4- 0.1248 

For L/t ratios less than 109, the 
curves of Fig. 3 give the diameter of 
the lower rolls as a function of plate 
width and thickness, and the diameter 
of the top roll as a function of the 
diameter of the bottom rolls. 

The foregoing analysis and pro 
cedure can be applied to the design 
of rolls for curving nonferrous e 
as well as for the different grades of 
steel plate. For plates of different 
materials the constants, of course, vary 
with yield strength, tensile strength 
maximum allowable fiber stress, di- 
ameter to which plate is to be rolled, 
and center distance of bottom rolls. 
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Bekert-Mauchly- Division, Remington Rand Corporation 


Fig. 1—UNIVAC digital computer is composed of several units: From left to right are the master control where “pro- 
gramming” is initiated; UNITYPER which prints data on magnetic tape; the UNIVAC proper, which performs cal- 
culations called for by "instructions" on the tape; and UNISERVOS, which feed tape into and receive calculations from 
the main calculator. This equipment carries calculations as discrete numbers and has high arithmatical accuracy. 


Organizing a Computer 


P. COZZONE 
Lockheed Aircraft Corporation 


AUTOMATIC COMPUTING MACHINERY 
is becoming an increasingly important 
factor in design and analysis pro- 
cedures because it reduces the time 
necessary to perform elaborate basic 
calculations. In many cases it permits 
the substitution of a rigorous engineer- 
ing analysis for a trial-and-error de- 
sign procedure 

In the aircraft industry, the initial 
work with automatic computing ma- 
chines developed when it was found 
that IBM digital computing equip- 
ment showed a direct cost advantage 
over manually operated desk calcula- 
tors for handling the numerica! re- 
duction of many involved problems 
such as the determination of structural 
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section properties, unit beam analysis 
equations, and in the solution of the 
flutter analysis matrix equations. In 
such cases, the computations were al- 
ready being performed manually and 
the contribution of the automatic 
machines was to reduce both the 
direct cost and the elasped time to 
accomplish the work. 

More recently, two fundamentally 
different types of analogue computers 
have been developed and are being 
widely used to solve a great variety of 
engineering problems. In addition, 
there has been substantial improve- 
ment in digital machines to extend 
their practical usage. These equip- 
ments have been successfully adapted 
by many industries including air- 
frame manufacturers to obtain solu- 
tions problems that have hitherto 


Propucr 


defied rigorous analysis, such as prob- 
lems of transient dymanic loading and 
of stability and control. Here the 
direct cost of obtaining the solution 
has not been of primary importance 
because the solution of the problems 
might readily provide the difference 
between an initially satisfactory prod- 
uct and a product that could be used 
only after a long and costly trial and 
error development program. 

In a study of engineering comput- 
ing facilities, it is mot a matter of 
whether the engineering department 
should set up computing facilities, but 
rather, a question of how large a 
facility and what type of equipment 
are needed. Generally, it is not possi- 
ble to justify the initial use of auto- 
matic computing machinery on a 
direct dollar cost basis because the 
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Fig. 2—Three memory units are part of the IBM Selective 
Sequence Electronic Computer. Each consists of ten reading stations and 
a device for punching intermediate results in tapes for use in later phases 
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. Construction of mathematical tables. 


2. Differencing to any order desired. 


an 


. Interpolation using first, second and 


higher order differences. 
Numerical integration. 

Harmonic anarysts. 

Solution of simultaneous equations. 


. Multiplication of series. 


Matrix and determinate calculations. 


. Method of least squares. 

. Differential equations. 

. Fourier analysis. 

. Successive approximation methods. 

. Curve fitting. 

. Systematic handling of linear arrays. 
. Partial differential equations. 

. Systematic sorting. 

. Random sampling. 

. Data reduction. 

















of a calculation. Equipment is also called the "Defense Calculator". 


Center in 


functions of the machines will not 
directly replace existing functions, and 
the advantages obtained will be in the 
more nebulous terms of advancement 
in the "state of the art", better design 
and improved competitive position. It 
therefore requires top-level policy 
decisions to set up the required facil- 
ities and to establish an effective or- 
ganization to be responsible for 
developing techniques and procedures 
for applying automatic computing 
equipment to the solution of engi- 
neering problems. 


Types of Computers 


Computing equipment can be classi- 
fied in two general types—digital and 
analogue. The digital type is defined 
as equipment that carries calculations 
as discrete numbers with complete 


the Engineerin g Department 


arithmetical accuracy to the number 
of significant figures specified. Typi- 
cal calculators of this type are: The 
IBM Card Remand Computer, 
IBM Selective Sequence Electronic 
Computer ("Defense Calculator"), 
Eckert-Mauchly “EDVAC” (Elec- 
tronic Discrete Variable Calculator), 
“MANIAC” (Developed at Princeton 
University under Army Ordnance 
sponsorship), and the Remington 
Rand “UNIVAC” shown in Fig. 1 
on facing page. 

Standard machines use cards only 
to represent numbers in the particu- 
lar operation or sequence of operation 
to be performed as determined in ad- 
vance by the position of wires that 
the operator inserts in a plug board. 
Thus, the computing routine cannot, 
in general, be changed without stop- 
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ping the machine and performing 
time-consuming manual manipulations 
In the card programmed calculator, 
the program for calculation is con- 
tained on a deck of cards fed into 
an accounting machine. Holes punched 
in the cards signify both numbers and 
instructions to the machine. Each 
card carries on eight-digit instruction 
that specifies the location and storage 
of the factors to be operated upon, 
the operation to be performed and 
the disposition to be made of the 
result. By feeding cards carrying the 
appropriately punched card code, a 
non-repetitive sequence of operation 
of any desired length can be carried 
out. The machine is set up so that 
some operations other than addition, 
subtraction, multiplication and division 
are already incorporated in the ma- 


137 





























chine. For example, only one coded 
signal is required to call for the tak- 

ing of a square root, sine of a function, 
cosine of a function, raising a number 
to a power, series expansion and a few 
other complex operations. Plug boards 
are also provided to take care of the 
computations that are repetitive. 

The digital machine can basically 
be broken down into three units: (1) 
Storage unit; (2) arithmetic unit and 
(3) control unit. The storage unit 
is capable of holding forty-eight 10- 
digit numbers including a sign for 
each number. The input, as mentioned 
above, is on cards fed into the arith- 
metic unit and the output can be 
printed tabulated results, cards or tape. 
For internal storage, the calculator 
uses 80 mechanical counters; for ex- 
ternal storage, cards are used. A cal- 
culator punch is used to prepare these 
cards and also to record on them the 
results of calculations. One or more 
supplementary units provide storage 
for sixteen 10-digit plus or minus 
numbers relayed to it from the elec- 
tronic calculator. Fig. 2 shows one of 
three punched-hole memory units in 
the IBM “Defense Calculator.” 

When a stack of cards is run 
through a card programmed electronic 
calculator, it is capable of reading sev- 
eral mumbers from each. card and 
performing a complex, prescribed se- 
quence of additions, subtractions, mul- 
tiplications or divisions. It can punch 
one or more answers into the unused 
portion of the same card and also store 
some of the answers obtained for use 
in connection with the data read from 
the following card. Table I lists typ- 
ical operations to which the card pro- 
grammed calculator has been suc- 
cessfully adapted. 


Analogue Computers 


Analogue equipment is capable of 
working with continuous variables 
rather than with discrete numbers. 


This type of equipment can be broken 
down into two basic classes: (1) Op- 
erational analogue — which 
performs specific mathematical opera- 
tions on input quantities, and (2) di- 
rect component-to-component analogue 
equipment, which provides a means for 
making an equivalent mock-up of some 
physical system. The operational equip- 
ment consists essentially of individual 
units such as "adders", “multipliers” 
and “integrators”. These can be 
coupled in accordance with particular 
algebraic or differential equations and 
will maintain a specific mathematical 
relationship between all variables while 
an independent variable is scanned 
through a range of possible values. 
The direct component analogue equip- 
ment, on the other hand, consists of 
building blocks (normally electrical in- 
ductances, capacitances, and resist- 
ances) and a means for coupling so 
that the mass, stiffness and damping 
constants of a physical structure can 
be simulated to provide an electrical 
response to any equivalent excitation. 


Differential Analyzers 


General-purpose operational an- 
alogue machines are called differential 
analyzers. Typical among these are: 
(1) “GEDA” (Goodyear Electronic 
Differential Analyzer), (2) "BEAC" 
(Boeing Electronic Analogue Com- 
puter), (3) Electronic Analogue Com- 
p Components (George A. Phil. 
rick Researches, Inc.) (4) "REAC" 
(Reeves Electronic Analgoue Com- 
puter) and (5) “MADDIDA” (Mag- 
netic drum digital differential analyzer 
made by Northrop Aircraft). 

Except for the “MADDIDA”, 
these equipments differ only in size 
and degree of refinement. They are 
relatively simple to use for solving par- 
ticular problems because they are set 
up directly from algebraic or differen- 
tial equations and work rapidly enough 
to allow their use directly as a part 
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. Reduction of 
data 


CAA minimum required field 
length determination 


Solution of flutter matrices 


Section properties and internal 
loads on shells 


Engine performance selection 
Fire control evaluation 


Summary of airplane perform- 
ances 


experimental 


Probability of radar detection 


i study 
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. Structural cutout 
(iterative process) 


analyses 


. Solution of fatigue strength 
summation equation 


. Solution of flexural pivot de- 
sign curve 


. Solution of transient heat 


transfer 


. Harmonic analysis of experi- 
mental data 


Least square analysis 
Solution of 


equations 


simultaneous 


Curve fitting 
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of an operating system (Partial sys- 
tems testing). Such a computer could 
be used to supply airplane response 
characteristics to close the servo system 
loop for making laboratory tests of 
an autopilot system. The main disad- 
vantage of this equipment is a phys- 
ical limitation on the accuracy of its 
components. Because these can rarely 
be better than most of the physic al 
data on which designs are based, there 
arises the question of the overall ac- 
curacy of solution in some complex 
problems where it is desirable to make 
accurate solutions for both lower and 
upper limits of physical data to deter- 

mine the effect of small changes in 
physical constants. 

“MADDIDA” is not strictly an 
analogue machine. Its internal com- 
puting is done digitally and its com- 
puting accuracy is therefore not limited 
to the accuracy of its components. It 
is, however, arranged to work with 
continuous input and output variables, 
and is comparable to other differential 
analyzers in its capabilities. The prin- 
cipal advantage over the above types 

P diferentiat analyzers is its six-sig- 
nificant-figure accuracy, though there 
is also reason to believe that it will 
be somewhat easier to maintain. Its 
principal disadvantage is that its com- 
puting speed is not sufficiently rapid 
to allow its use for partial systems test- 
ing and that function, therefore, will 
require other equipment. 


These analyzers will handle ordi- 
nary differential equations, linear or 
non-linear, up to the seventh order for 
the “REAC” and to about the twenty- 
second order for MADDIDA". They 
are also very useful for making cross 
plots of simple and complex algebraic 
expressions of physical phenomena for 


survey purposes. 


Network Analyzers 


Direct component-to-component an- 
alogue machines are called network 
analyzers and are not as available as 
the differential analyzers. They were 
initially developed, as the name im- 
plies, for analyzing electric power net- 
work systems. Both General Electric 
and Westinghouse Electric have de- 
veloped their own and have used them 
extensively. 

There is a distinct advantage to the 
use of the direct analyzer equipment 
since all elements of the physical sys- 
tem, or nearly all, have their counter- 
parts in the analogue and as such are 
under the direct and independent con- 
trol of the operator. To study the ef- 
fect of varying a certain element of 
the system, the operator needs only 
to vary the corresponding element of 
the analogue. In addition to the ad- 
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Table I11 — Classification. of Five Computers 
to Their Adaptability to Different Types of mend 


Problem 


Airplane Stability Analysis 


. Servomechanism Performance Analysis 


. Fire Control Problems 


Machine 


| 


Adaptabilit, 


lator 


| 
| 
| 
| 
= | 
| 
| 


Calculator and 
MADDIDA 


- 
= 
Z 
= 


| YM 
DZ 


IBM Card Programmed 
Potens 

Direct Analogu 
Netmork Analyz 





. Dynamic Load Analysis 


. System Performance Analysis 


Aerodynamic Loads 


YY 
m7 77 
YY | 
Poa 





. Flutter Analysis 


Lg 





. Weight Study or Analysis 


77 





. Landing Gear Shimmy Analysis 


. Buffeting Load Analysis 


h, 





. Heat Flow 


Analysis 


| Y 





Analysis of Rotating Shafts 


Airplane Structural Life Expectancy Analysis 


Airplane Operating Cost Analysis 


yy) 


M 
77 





. Shock Mounting Analysis and Design 


| 





Analysis of Precision of Measurements 


Uy ff 





Atomic Energy Design Studies 





Antenna Design 


. Radome Design 


20. Wave Guide & Transmission Line Design 


Aerodynamic Design Studies & Analysis 


. Trajectory Analysis & Determination 


. Optimum Design Studies (Weight, Space) 


Solid black squares indicate equipment best su 


vantages of a direct one-to-one cor- 
respondence between analogue ele- 
ments and system elements in design 
work, rapid and accurate solutions of 
complex nonlinear problems are also 
obtainable. 

In some of the, non-linear applica- 
tions, partial differential equations 
have had to be solved by difference 
equations. Computations made by 
means other than the direct analogue 
computer are extremely difficult, thus 
PRODUCT 
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YY 
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ited for given problem; then white; then color. 


giving the direct-analogue technique 
a distinct advantage in engineering de- 
sign and applications where the ef- 
fects of many parameters have to be 
investigated to ensure optimum per- 
formance of the final design 


Simultaneous Equation Solvers 


The only commercially available unit 
of this type is made by the Consoli- 
dated Engineering Corp. Sometimes 
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called a matrix inverter, this 
computer handles up to twelve equa- 
tions and is based on successive ap 
proximations 

However. a 


analogue 


ten-equation solver con 
structed by RCA at 
Princeton, N. J. solves the equations 
directly without 
approx mations 
for this unit is 
An analogue 


pts eq 


Laboratories 


resort to Succe 
The practical 


1 : 
about 25 


ssive 
mit 
limi 


simultaneous 


equations 


computer 
which 


ligi 


lations In gital, 





punched card form has been developed 
at the Watson Scientific Computing 
Laboratory in New York City 


Polynomial Root Solvers 


No commercially available d 

of this type are known, although a so 
called electronic n computer rc 
centiy developed by AMC at Cam 
bridge, Mass. reportedly handles roots 
ip to a tenth-degree polynomial. In 
this same category is an electrical alge- 
braic equation solver developed at the 
University of Pennsylvania. This ma- 
chine can determine all the roots of 
an algebraic equation of eighth degre 
having rcal coefficients 


Auxiliary Equipment 


There has been a significant increase 
in the amount of data that is recorded 
on oscillographs, and the reduction 
of these data time histories or 
quantitative plotted date is becoming 
ever more time consuming. With an 
oscillograph reader, it is possible to 
read oscillograph records with a speed 
and accuracy virtually impossible by 
manual means. One such unit is the 
Ielereader designed by the Telecom- 
puting Corp. and built by the Consoli- 
dated Engineering Corp. This equip 
ment provides a 24-times enlarged 
image of the data record. Included 
with this image is a system of movable 
indicating cross wires whose position is 
indicated on binary electronic counters 
to 0.001 in. (relative to some arbi- 
trarily fixed reference axis where the 
counters were initially zeroed). The 

erator of the machine keeps the indi- 
cating cross wires constantly on the 
trace as it is slowly advanced by an 
electrical drive. | 

A machine that 
with the oscillograph reader is 
called an automatic data punch. One 

h unit is the Telecorder, which pro- 
vides permanent data in the form of 


into 


1 
WOrKS 1n conjun 
tion 


punched cards. Used alone, it dis 
plays a four-place nun iber, the magni- 
tude of which is a measure of the 


value of the recorded trace deflection 
at a chosen point on the p pega When 


IBM Type * 


the combin 


used with an 
pun h unit 


f 


Ol 


7 summ ar y 
T M 
tion IS CapabDic 
caj 
pun hing car ls at a rate of 50 per 
minute. For each point recorded, in 
ormation punched in the card can 
consist of point number, primary coded 
counter readings, 15 digits of identi 
fication, calibration factors, 
tings and other data 
a binary number to a 


of ( alil 


bration 


zero set 
Conversion of 
1 2 


laris! 
aecimai piu 


the introduction factors 
and zeros can be readily accomplish 
in one operation by the IBM calculator 
uracy of readings for tl 
Telereader and 


1e com 


Telecorder de 
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pends almost entirely on the operator's 
ability to set the cross wires on the 
trace being read. 

The combination reader and data 
punch system works with decimal num- 
bers directly. It appears to have some 
advantage for reading continuously 
moving records, but the Telereader 
and Telecorder combination is better 
adapted to scanning fixed records, par- 
ticularly if two-coordinate reading is 
desired. 

Other auxiliary —— includes 
graph platters, data reduction devices, 
tape readers and punches, and decimal- 
to-binary (and inverse) conversion 
de ict S 


Computation Problems 


( "vo ation problems are listed in 
Tables and III. The first list con- 
sists of Ru that have been han- 
dled at Lockheed on IBM computing 
machines; the second list consists of 
future computation problems, some of 
have been done on computing 
ichines by other companies and some 


of which have not been done at all. 


which 


Two classifications have been added to 
Table III: (1) A reference to the 
engin eering group which has, or may 
have that type of prol lem, and (2) 
an indication of the relative adapt- 

ility of the machines for the solution 
of each type of problem. For a given 
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Wind Tunnel, 
Spec. Proj., Fli. Test, 
Res. Lob., Stoff, 
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Analysis 
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Analysis 


Fig. 3— Personnel 
puter facility consists of sec 
tion head, mathematical ana- 
lysts and machine operators 


problem, one type of computer is well 
suited, another adaptal je and a third 
unsuited. Precise ratings for the var- 
ious machines require detailed infor- 
mation on computer characteristics, the 
nature of information sought, whether 
a general or specific m is studied, 
the relative costs of preparation, and 
interpretation as compared with actual 
computer costs and many other fac- 
tors. The colored "boxes" in the center 
of Table III give an indication of the 
adaptability of various computers as 
they relate to 23 types of aircraft de- 
sign problems. The color code is il- 
lustrated in Problem No. 2 (Servo- 
mechanism Performance Analysis). 
Solid black shows the Differential An- 
alyzer is best suited for this type of 
st udy, the "MADDIDA" is next 
( shaded black), then the Network An- 
alyzer (white), then the Defense Cal- 
culator (shaded color) and finally the 
IBM Card Calculator (solid color), 
which is least suited to the solution of 
this servomechanism problem. 


Computer Facility Organization 


The organization of an engineering 
computing facility requires the assign 
ment of specific responsibilities for the 
following functions: 

(1) Determination of work prior- 
ities and general administration of 
computing group activities 
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A ij 
A 
2 
i 
RS Fig. 4—Sample installation for IBM card programmed 
"vs calculator and MADDIDA includes space for equipment, 
M a operating personnel and room for future expansion 
SA 
( Ope ition of comfy ng ma omputing organizatio 1 S ) X 
nine sDons to nethods S 
(3) M ter of com; g ma levelopm id acts if co € 
hines capacity. for the engineering org 
(4) Detail programming of ma ization. [he d « 
chines (Detail breakdown of mathe- Methods-research and development le for 
matical operations into machine in- should be basically independent of d organizations, putting pro 
structions). sign schedules. Many applications of forms suitable for machine 
(5) Computing equipment develop computing machines to engineering tion, and the d velopment of new 
ment (Keeping abreast of develop- work require considerable development methods of analysis for use with 
ments in computing field). that cannot be justified on the basis matic computing equipment. 71 
! (6) Problem analysis (Breakdown of reduced cost or elapsed time on the group should be made up of 
! of engineering problems into forms first job on which it is used. In these rienced engineers from each of tl 
most easily handled by machines and instances, methods development should major branches of engineering, and 
selection of most efficient machine for be carried out parallel with the normal should lition, be specially trained 
each problem). , handling of the particular problem in problem break-down for autom 
(7) Methods Development and Re- The administrative head or De- ichine solution 
search (Studies of particular engineer- partment Engineer (Fig. 3) is r 
| ing problems to develop improved  sponsible for all the mathematical an Space Requirements 
analysis methods through use of ma- alysis functions pertaining to the us Ihe sketch in Fig. 4 is a sa 
chine computations). and exploitation of automatic com layout of a computer fa entered 
: Responsibilities (2) through (5) puting machines. To qualify for thes: und two machines-—the IBM card 
> fall nautrally into an autonomous com- esponsibilities, such an individual programmed calculator and the" MAD 
, puting organization, but there are sev- should have engineering training and DIDA”. Space is provided for card 
eral possibilities for the assignment of experience, some background in ma torage, auxiliary equipment and | 
(6) and (7). The responsibility for chine computation, and some super nnel operations. If future expansior 
problem analysis can be set up on a  visory experience. In addition to th of the facHity is anticipated bl 
purely mathematical basis by the com- basic qualifications, it is desirable that llowances should made. | 
4 puting organization, while methods re- the administrative head have expx nnecti thought should C 
search and development are left to rience in applied mathematics, phys to ventilation. Heat output for tl 
> the various engineering organizations and electrical engineering IBM | "MADDIDA'" is rated at 
where primary responsibility for meth Working under the administrativ - BTU per hr. 1 figure jumy 
> ods already exists. Or problem an- head there should be specialists, on onsiderably if the defer iiculat 
f alysis can be handled en an engineer- for each of the machines in the com ind/or network analyzer are to 
ing basis by a special section of the puter laboratory. These men, act as installed at a later date 
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Use of Plastic 
Parts Improve 


Vacuum Cleaner 


By using plastic in place of steel for some of the 
parts of their vacuum cleaner, the Lewyt Corporation, 
Brooklyn, N. Y., has improved the quality of their 
product and at the same time solved their material 
shortage problem. It has been made lighter, oper- 
ates more quietly, and is more attractive with the 
parts made under the revised specifications. How- 
ever, the material repiacement did not make possible 
a reduction in price. 

The cellulose acetate handle does not readily 
conduct the heat generated in normal motor oper- 
ation to the operator’s hand as the die cast aluminum 
did. The name plate is now clear polystryene, 
through which a design can be seen; the design is 
plated on the underside of the name plate by the 
vapor deposit method. The sound dampening qual- 
ities of the cellulose acetate air diffuser reduces noise 
propogation through the top assembly when the 
cleaner is in operation; this material replacement 
made possible the redesign of the diffuser to include 
a better exhaust air flow path and an improved 
appearance without any change in weight. The air 
inlet baffle was changed from an aluminum stamp- 
ing to molded cellulose acetate and resulted in a 
reduction in air inlet noise by 100 percent. Material 
changes in the accessories include replacing the 
rubber brush holder to vinyl plastic to prevent ac- 
cidental marking of wall and baseboards. The 
carpet tool has been changed from die cast alumi- 
num to cellulose acetate plastic to make it lighter 
and easier to handle. 

O:her changes in design include substituting a 
disposable dust bag for the cone-shaped filter 
previously used. This “speed sak” has three times 
the effective filtering area as the cone filter had. The 
rubber gasket between the dust bowl and the middle 
sheel has been reduced in size to make a better seal 


and improve the general appearance of the cleaner. 
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vacuum cleaner, lighter, more quiet-operating, and better in 
Electrical condensers on the starting switch pre 
vent cleaner motor from interfering with radio and television 


appearanc c 





DIFFERENCE 


for the plasti 






REPLACING STEEL PARTS with plastic has made the Lewyt I 


} 














\ 


\ 


Plastic 
air baffle 


\ 
Stamped 


ahaminum 


air battle 


Wee tT 


IN APPEARANCE between the steel dust 
wl on the left and the reinforced cellulose acetate bowl is 
small, but the steel weighed 2.687 lb aS compared with 1.250 
The cost of the plastic bowl is double 


Propucr ENGINEERING — JANUARY, 1952 




































Die cast Die cast 'e//ulose acefa*te 
aluminum f aluminum plastic handle — a 





oefuser 
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' HOW THE USE OF PLASTIC has improved the canister — airdiffuser gives the exhaust hol 

1 appearance. The handle now has finger grips and the The large rubber gasket has been 
name plate is clear polystyrene with the design plated on that is removed from sight. Cleart 

1 the underside by the vapor deposit method. The plastic is almost identical to the « subs 


Steel 
dust bow! 


Steel 
boffle ~- 
plote 


Steel 
motor brockef .. — 


Cloth filter - - ^ 


Lower clofh - - 
fitter support 





COMPARISON ot the previous mod | at lett with the ind tl motor brach t | 


revised model shows the mechanical changes that have new dust bag h 
^ ' > t i 
i been made. The cone shaped paper filter has been replaced hidden from view redesign 
by a disposable dust bag: the cloth filter has been modified irved air flow passag í 
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PRODUCT DESIGNS Vacuum Cleaner (continued) 


Molded plastic 
defuser 





a? 


DISPOSABLE "speed-sak" dust bag adaptor DIE CAST ALUMINUM AID DIFFUSER on the left was replaced 
fits snugly over the inlet baffle. The bag has by the molded cellulose acetate diffuser on the right. Both parts weigh 
three times more effective filter area than the the same, but the plastic permits better air flow design. The dampen- 
filter cone it replaced and is more convenient. ing qualities of the plastic have greatly reduced sound transmission. 





"nf "ng 


A BOTTOM VIEW of the motor, fan and air A STEEL REINFORCING STRAP is molced into the cellulose ace- 
diffuser assembly shows the new combination tate handle to give it additional strength and provide a strong receiver 
motor support and cloth filter support. It was for the self-taping screws. The predrilled hole in the strap is used to 


necessary to change the shape of tbe unit to locate it in the mold. The slight bend at the center of the strap 
permit use of the disposable “speed sak”. holds it square in the mold during the fabricating process. 


— 











Viny! brush 


holder _ 
—— 


«——— Rubber brush 
holder 





Cellulose acetate 
carget tool 





a * ese 
VINYL BRUSH HOLDER does not make black marks on cleaning operations, as the rubber holder does. The cellu- 
walls, baseboards, or any place where it may touch during lose plastic carpet tool is much lighter and easier to handle. 


Be 
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Mechanically 
Operated Switch 
Sets Crane Brake 


The type HM brake system made by the Wagner 
Electric Corporation incorporates a combination hy- 
draulic service brake and parking brake for use on the 
bridge drives of overhead traveling cranes, whirler 
cranes, and other types of industrial equipment which 
require parking brakes when out of service or while 
performing their principal functions. A recent improve- 
ment in the system involved the elimination of the hy- 
draulic pressure switch located in the control box for a 
limit switch operated by the piston rod of the releasing 
cylinder. Now, changes in fluid pressure, because of 
temperature variation or leakage, will not endanger 
operation or holding power of the parking brake. 


mÊ 
| Service Releasing 


broke cylinder- 
actuating / | 
cylinder— - / | 


| CMT TER 


p8roke control unit 
| 











| 4 
Fe 
/ 7- 
| / Hydraulic 
| / ines 
| / 
| / 
| L.——-Brake shoes 
«—-£ lectric conduits—— 
il D 
Aan 
Normally 
i closed 
light— — push button 
, * ——switch 
f j — a 
kd 
Main electric : Pd 


power line— 


Brake contro! 
cylinder 


TO RELEASE THE PARKING BRAKE first close the 
main line switch. A full application of the control cylinder 
foot-pedal compresses the brake setting-spring. The limit 
switch closes an electric circuit which energizes the magnetic 
check valve and illuminates the signal light. The check 
valve traps the fluid in the releasing cylinder and holds 
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FLUID UNDER PRESSURE is trapped between the check 
valve and the releasing cylinder piston to hold the setting- 
spring compressed. The cylinders are chrome plated and all 
materials used on the other parts are corrosion resistant 














Magnetic check valve—, 
Park / 
«Actuating / 
cylinder 
service 
brake 


A Fluid line fo 
à actuating 
cylinder— 


Piston 
rod—— 


Setting spring 


compressed 
parking brake 
releaosed— — — \ 
\ 
\ 
Piston held Hydraulic line \ 
down by trapped from control 
fluid—. cylinder — 
~ 


Limit switch—— — 


~ - E 


the parking brake setting-spring compressed. Now, the 
service brake is applied by pressure on the foot-pedal. To 
park the crane, press the pushbutton to open the electri 
control circuit. The check-valve releases the trapped fluid 
and allows the parking brake to set by spring action. The 


brake is applied when the main line switch is opened. 
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High-Speed Slitter-Rewinder Uses 


Equipped with a variable speed hydraulic main drive 
and a separate, but positively interlocked, variable speed 
hydraulic rewind drive, this machine is the first all- 
hydraulic slitter-rewinder ever made. Rewind speeds up 
to 1,000 ft. per minute are possible with rewound rolls 
up to 15 in. in diameter. Razor blade slitting permits 
strip widths as narrow as } in. and three differential 
center-rewind shafts provide for positive roll separation 
and trim salvage. 


The Cameron Machine Co. of Brooklyn, New York, 




























Rewind shoft assembly. 


Top rewind shaft assembly =-~. ` 
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Rewind shaft assembly $ 
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bearing cop. 
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Rewind frome RH. 













developed this Triplex Machine for high speed slitting 
and rewinding of Lumarith, a transparent plastic film 
product. Besides being simple, economical, and rugged, 
the Triplex provides sensitive web tension control and 
uniformly dense rewound rolls, regardless of thickness 
variations in the parent roll. Differential rewinding is 
used to minimize the heat generated by friction between 
the core and rewind shaft and thus prevent damage to 
the inner laps of the rewound rolls. Several rolls of dif- 


ferent sizes can be rewound at the same time. 


- -- --- Carriage pinion shaft ratchet 
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Bottom rewind shaft- 


Moin cross tie plug. 


Sasi 


Moin drive electric 


motor (14 hp. 1800 rpm j — Main cross tre’ 





DIFFERENTIAL REWINDING uses single rewind shaft 


speed despite differen in diameter of rewound rolls 
iused by thickness variations in parent roll. Material is 
wound on cores parate 1 by spacers and washers. Washers 
| 4/ 











SSS 


‘Marn drive hyd. pump 


are keyed to rewind shafts; cores and spaces are not. Axial 
spring pressure allows transmission of torque from washers 
to cores but permits cores to slip as required by the dif- 
ferences in diameters of the rolls that are being rewound 
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All Hydraulically Driven Rollers 


Trim rewind 
shat? 


1 


- D rio 7 e RT 
l'O KEEP construction simple, main cross tie is piloted 
by a plug through both side frames and keeps them 
paratlel within .001 inches. Rolls are within 0005 inches. 
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Rewind control 
sprocket 
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Rewind 
follower 
roll 


TITLE LLLA 


mater A .J 


Rewind follower ro 





SPEED OF REWINDING shafts is varied inversely with 


diameter of rewound rolls to keep slip, and heat generated 


. i 
beares on outside di I 
by slipping, from getting excessive as rewound rolls increas: 
in size. 


forward, rotating rewin 1 contr 
pinion. Sprocket driver 
As roll dia increases, rewind follower roll, whicl 


lyusting ti 


puny 
> ; P 
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Friction spring f Friction collar =--LOCk nut f 


MATERIAL IS STRIPPED from mill or parent roll by cut into the desired widths. The horizontal rolls are held M 
three pull rolls which are driven by the main drive fluid parallel within 0.0005 inches by rigid mountings. All gears s 
motor through a gear train. Rewind shafts, driven by except the three rewind pinions and their mating gears run ic 


a separate fluid motor, rewinds strips after they have been — in oil. Gears for rewind rolls have no positive lubrication 


Hydroulically operated oscillating system 
imparts sidewise movement to porent roll to 
help distribute thick sections in moterial. 

Gear driven pump drives fluid gear motor which 
activates o scotch -yoke mechanism connected 
fo back sfand. Speed of oscillation is controlled 
manually with o needle bypass valve 
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HYDRAULICALLY operated oscillating system TENSION CONTROL ROLL is counter weighted to keep tension in ] 
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PRELOADED DOUBLE ROW ball bearings on pull roll are mounted in meter changeable cartridges made of similar 
(left) eliminates end play of shaft. Rewin i shafts (right) bearings, and provided with side plates to prevent end play. | 
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MAIN DRIVE ELECTRIC MOTOR powers a low pr 
sure, vane-type supercharging pump and th ri 
i Í | f 
lelivery, main drive hydrault pump Super harge pump 
aintains sufficient suction pressure to prevent cavitatior 
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The work constant and the spring loaded brake on 
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Using shims with cartridges makes rewind shafts inter- shafts and h 
changeable. The exposed rewind pinions are keyed to their screws. Gr 
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PRODUCT DESIGNS 


An axial flow vane type blower, 
tapered air duct and guide plates at- 
tached to finned cylinders insure sat- 
isfactory air distribution to the cyl- 
inders of the Deutz in line air cooled 
dicsel engine. This air cooling system 
together with a built in oil cooler 
maintains normal engine operating 
temperatures. The advantages gained 
in an engine using such an air induc- 
tion cooling system over a watered 
cooled engine of similar size and ca- 
pacity are reduced weight, greater 
simplicity and reliability and better 
thermal efficiency. The radiator, water 
jacket, circulating pump, rubber con- 
nections and thermostats used on a 
liquid engine are not necessary. There 
are no coolent evaporation or freez- 
ing problems and operating tempera- 
tures of 200 C can be safely main- 
tained. 

The cylinder heads are provided 
with a pear shaped turbulence cham- 
ber which helps in accomplishing a 
through mixture of the compressed 
air and fuel. The chambers are lo- 
cated on the sides of the cylinders and 
inclined at 30 deg to accommodate 
large valves necessary for high volu- 
metric efficiency. These engines are 
manufactured at Kloeckner-Humbolt 
Deutz A.G., Cologne, Rhine. 


Oil cooler 









Fly wheel 


Tapered * 


or duct 
FLOW OF COOLING AIR through 
t ipered lu t V blow« 4 


Diesel Engine 





Finned cylinders 


ON THE A6L514 MODEL ENGINE the blower is driven at a speed of 
6,000 to 8,000 rpm by a multi V-belt drive from a pulley in the crank 
shaft. Belt tension is maintained by an idler pulley mounted on a spring 
and hydraulically operated bracket. To the right rear is the combustion 
air intake. At top center is the tapered air duct below the left end of 

| is located the Bosch injection pump. With reversing gear this 
6 cylinder engine weighs 1,975 pounds. 

A complete line of these engines is being manufactured for service in 
|l types of marine mobile and construction equipment. It is claimed 
that they will operate in temperatures from i0 to +140 I 


e - 


Fan *- wafer pump. 





$ 
X 
o 
a 
© 
2 
o 
$ 
water PPR odem 
> Oo -——————À— 
^ Arr flow 500 4000 4,500 2000 2,500 


Engine rpm 


At maximum load, a 


| for cooling th the Deutz air cooled engine compared with 
Ihe pr: re produced in power required to drive the water pump and 
lb per sq ft. Speed of the radiator cooling fan of a water cooled engine 
engin of equal power. Power consume d is about equal. 
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PEAR-SHAPED SWIRL CHAMBER comprises about 60 percent 


of the total compression space of the cylinder. It is made of cast 


iron and is cast into the aluminum head. The main portion of fuel 


spray is directed towards the throat with only a small portion 
striking the walls. The heater plug below the injector is used 
for starting the engine in temperatures below freezing. The cham 
ber injection and heater plugs are situated at the edge of the cylinder 


to accommodate large valves and to be cooled directly by the blower 


MACHINED CIRCULAR FINS of the removable cylinder barrel 
extend over the full length of the piston stroke. It is tightly fitted 
into the die cast aluminum alloy cylinder head to keep cylinder 
head and cylinder together as a unit during service assembly and dis 
assembly and prevent damage to the head gasket. The flat domed 


aluminum-silicon piston is provided with three compression rings and 


two oil rings. To facilitate molding and casting, the valve gear box 


l 


vlinder head A stamped 


à cr 
sheet metal cover protects rocker gear. All valve g tides are cast iron 


IS à separate cast iron part bolted to the 
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PRODUCT DESIGNS 


Midget 
Exposure Meter 


The "Mascot" direct reading exposure 
meter, developed by the Meter and Instru- 
ment Department of the General Electric 
Company, is a simplified, small size meter 
designed specifically for amateur photog- 
raphers, color slide photographers and home 
movie makers. Compactness and simplicity 
were obtained by making the meter respon- 
sive only to reflected light, by eliminating 
complicated conversion scales, by using a 
small germanium photocell and a unique in- 
side and out magnet construction. 

There is a direct reading scale marked in 
f-numbers so the pointer instantly shows the 
correct setting for a camera shutter speed of 
1/25 of a second. Four rotating scales inside 
the case are marked for a popular type of 
film (5, 10, 16, 50 ASA). These four scales 
cover the requirements for most photog- 
raphers. A calculator is provided with the 
Mascot that can be used to convert direct 
reading to lens openings where the meter 
does not satisfy the photographic conditions 
encountered or camera shutter speed used. 





Worm Drive Used 
On Blade Sharpener 


This electrically operated razor blade 
sharpener, for honing and stroping double 
edged razor blades, uses a twin gear worm 
drive to transmit power from its electric 
motor to the four shafts on which the honing 
and stroping wheels are mounted. When the 
blade transporter is pulled from closed posi- 
tion, the points of the electric switch make 
contact and the motor and grinding wheels 
start turning. It is being made by the Dremel 
Manufacturing Company, Racine, Wis. 


Scale disk set 
for film ASA 
rating of 10 









THE MASCOT, left, is 1 11/16 long, 2 à wide, 15/16 thick and 
weighs 24 ounces while the more versatile professional meter, right, 
is much larger and complex. The single adjustment knob is mounted 
through the cotton-flock-filled phenol case and attached to the scale 
disk. On the disk are printed four scales graduated in camera lens F 
numbers and corresponding ASA film speed ratings. When the 
desired scale is turned into position, the disk is locked in place by a 
snap type ball detent lock. If the voltaic light cell mounted in the top 
of the case is pointed towards the scene to be photographed, the 
pointer will swing to the camera lens F number for the exposed film. 


lhrasive grinding wheels 


Pressure bar 


u 
and Spr ng 
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Blade transpor ter / 


Leather stri ping 


mad holding " 
k ibus: / wheel 


PLASTIC CASE is 23 in. wide, 3} in. high, 3} in. long. Upper 
shafts are spring loaded to insure contact between the wheels and 


the razor blade during the sharpening and stropping process. 
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COMPARISON OF THE MASCOT POINTER deflection BEARING MOUNTING and adjust ta ly. B 








> a m - 1 
j meter assembly with that of the PR 1. The Sintered Alnico turning the jewel screw 
i y . T 1 
V magnet of the Mascot meter at upper left, is mounted needle points and the jew 
: inside the deflection coil. The outer ring mounted around both bearings. The pressure spring ns the adjust 
the deflection coil of the Mascot deflects miscellaneous mag ment. The magnet is mounted t j racket and tł 
e ‘ nad aie 4 É 4 
netic flux back into the meter field. This ring helps main- — jewel bracket and flux retur: ted to the ca 
: tain sensitivity of the meter and minimizes the amount of Because of its greater flux density A \ l 
P escaping magnetic flux that will effect other instruments in s used to reduce the size of t with 
e close proximity. On the PR 1 the deflection coil is mounted sacrificing meter sensitivity | graph at upper right 
l. d > I 
inside the permanent magnet shows magnetic characterist f A V and Al » II 
Fiber 
gear 5 
Blade 
transporter 
slide 
Pr ONLY THE TWO TOP GEARS MESH with the worm lug of the transporter slide. When the blade transporter is 
d gear. The worm gear is mounted on the shaft of a 110-120 pulled from the spring type switch, the points make contact 
v a-c d-c motor. The blade being sharpened rides on the and the motor starts. Bearing bosses are molded on plate 
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Table I— Property Range of Cured Vinyl Plastisol: 





Tensile Strength psi........... 





Plongacsteh os 5658 nso a A eR a ee cd thant 150 Sq 
Slere A Harbsdtda.. i oet 1 eio ER SR. dens Kuh irn 30. « 
Dielectric Strength (volts/mil) ....................suseseeese 200- 5 » 
Volume Resistivity (OHMS/CM)................... euas --25-6.0 1H 


Chemical Resistance. ................. Good in acids, bases, ale: hol 
Poor in ketone and ester sol: eny 
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Fig. 1—Small valve (A) used in the assembly « 
—— E Ports enter th 
valve in various directions, providing connect ion 
between vacuum pumps and filtering chamber, 
This unit is comprised of a one-piece casting o 
vinyl plastisol, The bellows-shaped casting 
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JOHN DELMONTE 


Consulting Engineer 


VINYL RESIN PLASTISOLS have recently been used to produce 
finished components for various machines and products 
Ihe major advantage of these materials over rubber and 
other plastics is the simplicity with which they can be 
jnverted into finished produ Unlike 'the relatively 
ritical curing schedules of Mid or synthetic rubber 
mponents, a simple heat gelation is all that is required 
Ihe vinyl plastisols consist of finely divided polyvinyl 
ins dispersed in a phase of -— Blesticims nd stabi 
lizer. There are no volatile constituents present in these 


lispersions. The plastisol can b poured into a mold 
pplied as a coating by din pping. When adequate heat is 
applied, gelation will take place as the vinyl plastic is 
solubilized by the plasticizer 


The cured prod Kt or coating ranges from a soft, rubber 
like consistency to a firm texture. Some of the 
able I, which make vinyl plastisols useful for many en 
gineering applications are: 

(1) Good dielectric qualities. These properties are morc 
permanent than those encountered with natural rubber 
goods, which tend to deteriorate with ag« 

(2) Resistance to oils and chemicals. Vinyl plastisols 
are resistant to most acids and alkalies, including strong 
oxidizing acids such as chromic acid used in chromium 
plating. In general, good resistance is offered to oils and 
greases, alcohol and petroleum base solvents. Higher ke 
tones, tetrahydrofuran and hyl formamide may cause 
swelling or exert a partial solvent action. This property 
may be used to advantage in selecting ] 


g solvent adhesives 


(3) Good abrasion resistance 
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Table I—Property Range of Cured Viayl Plastisols 








Tensile Strength psi........... 


Bongani- eresi a A EE ER wp cas 150- 50 
Shore A Haginiti ainan a A a A ks ws ak 30- % 
Dielectric Strength (volts/mil)...........0 00... c cece cece cueee 200- 50 
Volume Resistivity (OHMS/CM).................--- rat te .25-6.0.1% 
Chemical Resistgnee ...........4. 2 2248 Good in acids, bases, alec hols 


Poor in ketone and ester solv n: 
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Fig. tan valve (A) used in the assembl. jj 

a special soil testing apparatus. Ports enter te 
valve in various directions, providing connect on 
between vacuum pumps and filtering chamber. 
This unit is comprised of a one-piece casting of 
vinyl plastisol. The bellows-shaped casting (B) 
and the star-shaped machine drive component (C) 
are prepared from vinyl plastisols. 


Table II—Vinyl Resins Used in Plastisol and Organosol 
Formulations 







Trade Designation 








Polyvinyl Chloride “Geon” 100 Series | B. F. Goodrich Chem. Co. 
“Marvinol” VR-LO| Naugatuck Chem. Co. 
“PLovic” A Goodyear Tire and Rubber Co. 










Copolymer polyvinyl 


chloride-acetate Vinylite VYNV Bakelite Corp. 





Copolymer polyvinyl 
chloride-vinylidene 
chloride 


“Geon” 200 Series | B. F. Goodrich Chem. Co. 





(4) Permanence of properties. The vinyl plastisols re- 
tain their physical and electrical properties over long pe riods. 

(5) Good colorability The colors obtainable with the 
plastisols are durable and may be processed to many shades 

(6) Good shock absorbing qualities 

The load- deformation characteristics of several typical 
grades of vinyl plastisols are brought out in Fig. 5. Their 
behavior differs widely at the two temperatures selected 
for test purposes The degree of property variation will 
depend upon the amount and nature of plasticizer content. 
A fact frequently overlooked is the magnitude of creep 
that wiil take place under sustained loads. Short-time 
creep results under a constant stress of 300 psi indicate 
that the compounds possessing the greatest elastic de- 
formation also creep to a greater extent. In general, for a 
given formulation, those compounds prepared with larger 
amounts of plasticizer will creep a faster rate. U sually 
the recovery from deformation is not as rapid as for com- 
petitive rubber compounds. 


Casting of Liquid Plastisols 


The properties of vinyl plastisols as uncured liquids or 
as gelled solids are largely a function of resin-plasticizer 


ratio as shown in Figs. 2 and 3. The viscosity varies 
from about 500 centipoises to stiff, non-mobile pastes. The 
plastisols are usually stable over long periods of time, al 


though heating will produce some gelation. In Fig. 4 
the viscosity characteristics are shown over a range of tem 
peratures. The initial heating may effect a light reduction 


viscosity due to the greater fluidity of the plasticizer 


^ 
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However, this is followed by an increase until gelation o € cast in. previously ned plastisol 
curs. Since gelation is a function of time and temperature, it — identical composition. This has the added advant of 
may be produced at lower temperatures with slower rates of easy removal of cured parts 
heating. Not all vinyl plastisols have been shaped into so 
P! | 
The casting of liquid vinyl plastisols is a simple proced- — castings. In the toy and novelty field, the techn of sl 
ure. The material is poured into molds. Entrapped air molding has been used. This consists of pouring the liq 
bubbles are allowed to rise to the surface before the parts plastisol into a heated mold that is rotated. Gelatio 
are subjected to an elevated temperature. For complicated allowed to proceed sufficiently to form a thick surface skit 
components with convolutions and undercuts, the filled The ungelled portion is then poured out and the hollow 
molds should be exposed to vacuum before heating. Paste- — casting removed. This process has also found som: 
like formulations are best handled in completely enclosed — cation in the molding of small buckets 
[ ) g 


molds. Positive pressure can be applied to insure complete 


distribution of the plastisol and to effect complete removal Application Analysis 


of dir bubbles. Vinyl plastisols will find many important applicatior 
Gelation temperatures of 340 to 350 F are recommended machine and product components because of the ease witl 

for most plastisols. There are some, however, that may be which their rubber-like formulations may be shaped 

gelled at temperatures as low as 210 F. because of the inherent property advantages of vinyl « 


The time to achieve satisfactory gelation will depend pounds. The follow: ing applications will exemplify tho 


upon the thermal diffusion within the vinyl plastisol and instances where vinyl m tisols appear to best advant 


the rapidity with which the mold attains t the gelation tem 1. Protective Coating Coat nes from vinyl plas: 
perature. If short-lived gypsum molds are used, the ontain no volatile solvents and consequently heavy dep 
gelling process may require several hours. Metal molds will can be made in one application. These coatings ar 
produce a faster cure—ap proximately 5 to 10 minutes for subject to the volumetric shrinkage of lacq 
each } inch of thickness. Gelling will proceed from the The usual procedure for applying a coating is to heat tl 
mold walls to the center of the casting parts to be coated to the perat of gel 
Cured parts may be taken from the mold while hot higher, and then immerse th 
but if severe undercuts are present, the plastisol will tear There will be an immediate gelation of yn tl 
It is best to allow sufficient cooling to permit removal of — surfaces of the part. This is followed by rehea 
parts without damage. bout 350 F to complete the cure of the coating. Additional 
Some grades of low temperature curing plastisols can layers may be applied by the same procedure. Coatis 
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Table III—Representative Plasticizers for Vinyl 
Formulations 





Chemical Composition 


Properties Developed 
PHOSPHATED ESTERS 
Tricresyl Phosphate 


(T Imparts non-flammable qualities, 
4Triphenyl Phosphate} 


though has poor low temperature 
characteristics 

Improved flexibility at low 
temperatures 


{Trioctyl Phosphate 
Octyl diphenyl phosphate 


PHTHALATED ESTERS 
Most widely used general purpose 
primary plasticizer for vinyls. Used 
in conjunction with other plasti- 
CIZCTS 

General purpose primary 
plasticizers 

Fair low temperature properties 


{Dioctyl Phthalate 
Di-2-ethyl hexyl phthalate / 


‘Butyl Benzyl Phthalate 
Di-capryl phthalate 
Di-butoxyethy! phthalate) 


ADIPATE, SEBACATE, AND 
AZELATE ESTERS 
Dioctyl Sebacate 
Dioctyl Adipate 
4 Dihexyl Sebacate 
| Dihexyl Azelate 
Dicapryl Adipate 


Excellent low temperature flexibility 
Brittle point less than —70? F 
High: rin cost than other plasticiz« rs 


RESINOUS COMPOUNDS 
Ethylene glycol-alkyd 
resins 
Diallyl phthalate | 
polyesters [ 
| Acrvlonitrile-butadiene | 
| copolymers 


Low volatility, permanence, low 
extractability (not fluid enough 
for plastisol formulations 


MISCELLANEOUS 
Oleated and Ricinoieated 
Esters 


Secondary plasticizers, low 
temperature flexibility, only 

fair chemical resistance 

Low cost secondary plasticizer to 
enhance flameproof qualities 
Numerous aromatic compounds 
aiding plasticization of the vinyl 


Chlorinated Paraffins 


Petroleum Derivatives 


Table IV 


Typical Stabilizers for Vinyl Resin 
Compounds 





Chemical Composition Properties. Developed 
F [ I 





ALKALI METAL SALTS 


Sodium alkyl phosphates 





Decided gain in light stability 
Limited heat stability 


ALKALINE EARTH METAI 
SALTS 
Barium Ricinoleate Heat stability for transparent and 
opaque formulations. Used in con- 
inction with cadmium stabilizers 
Calcium stearate Fair heat stabilizer for non-toxic 


applications. Offers lubricating 


jualities 
trontium Naphthenate Good light stabil ty ised in con 
n with other stabilizers 
HEAVY METAL SALT 
Basic Lead Carbonate Good electrical and heat stabiliza- 


rion 


Dibasic lead phosphite Good sunlight and heat stability 
Dibasic lead phthalate 

Lead Stearate 

Cadmium Ricinoleate 
| Cadmium 2-ethyl hexoate f 


Organic tin stabilizer 


Heat stabilizers and lubricants 
Heat stabilizers in clear compounds 
Prevent color formation 

Excellent for producing clear films 
with heat and light stability. Non- 


toxic 





SPECIAL COMPOUNDS 
Epoxy resins Useful with formulations involving 


chlorinated plasticizers 
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thickness will depend upon the viscosity of the plastisol 
and on the heat capacity of the part being coated. 

Parts such as tool handles, wire racks, and various sub- 
assemblies can be handled on a semi-automatic basis. The 
pieces can be passed through an oven on a conveyor to 
attain the proper temperature and after immersion in the 
plastisol, again passed through the oven to complete the 
cure 

Industrial parts being coated with vinyl plastisol include 
electroplating racks, which require masking of exposed 
metal surfaces from the electrolyte, and electrical socket 
assemblies. In the latter application, the adherent coating 
provides a better seal than the boots, gaskets, and grom- 
mets previously used. Complete resistance to the pene- 
tration of moisture and dust through the socket into the 
lamp is obtained. 

2. Potted Assemblies. The absence of volatiles makes 
vinyl plastisols useful as potting compounds. With the addi- 
tion of inert fillers to aid heat conductivity, assemblies of 
electronic components can be completely immersed until 
all air bubbles are excluded. On gelation, complete integra- 
tion of all components is achieved with a significant im- 
provement in overall dielectric properties. 

3. Flexible mechanical components. Vinyl plastisols have 
potentialities as flexible mechanical components where 
chemical resistance, colorability, ease of fabrication and 
greater permanence are more desirable attributes than the 
superior physical properties of molded rubber parts. Vinyl 
diaphragms, bellows, grommets, and gaskets may give 
better serviceability than natural or synthetic rubber com- 
ponents when exposed to oils and greases. Evaluation of the 
application can be made only after consideration of the 
chemicals to be resisted and the operating temperatures. 

Reinforcing lamina, such as woven glass cloth or glass 
matter, can be inserted in a plastisol during fabrication. 
This feature has been used in the manufacture of a high 
quality gasket material. The reinforcing strips become a 
permanent part of the vinyl plastisol assembly during the 
gelation process. 

The procedure may be carried further in the molding of 
laminated goods. Parts such as binocular cases, required to 
be tough and flexible, have been prepared from vinyl films 
and reinforcing fabrics. These assemblies could be more 
economically handled by replacing the vinyl film with a 
wet-lay-up of vinyl plastisol. Parts could be molded to 
shape under pressure. 

Flexible, expandable bags such as those used in the 
"Greer" type of hydraulic-pneumatic accumulator, would 
have better oil resistance if fabricated from vinyl plastisol. 
Also, the growing interest in rubber-lined and rubber- 
sealed valves for handling corrosive chemicals may well 
introduce new fields of application for the vinyl plastisols. 

í. Electrical Assemblies. The good electrical properties 
of plasticized polyvinyl chloride compositions have moti- 
vated their use in wire and cable construction. The same 
properties can be obtained with polyvinyl plastisols. While 
low heat distortion temperature and high creep rates are 
detriments to many electrical requirements, the required 
flexibility and toughness may dictate the use of the material. 
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STEPS IN DESIGNING ENGINEERED PREPRODUCTION MODELS 





1. Initial conferences stating and clarifying the prob- 
lem. i 

2. Discussion and study sketches. 

3. Test parts if necessary. 
of Material. 

5. Checking. TEM 

6. Discussion with the responsible person inside the 
development organization concerning the state of the 
design to elicit his suggestions. 

7. Detail drawings are given to the shop on preliminary 
unapproved prints. 

8. Designer follows construction closely in the shop, 
annoting on the shop prints any drawing errors or 

improvements as they arise, signs or 

notations, and indicates the date. No 

are permitted without the designer's 

the shop prints during this phase of 

first model has been assembled and modi- 


the satisfaction of the designer, electrical and 
other components, and wiring are installed. 


H 


ii 


9. 


i 
= 


10. Performance, shock, shake, humidity, temperature, 
altitude, and other tests deemed necessary are con- 


Engineering Department 


Procedure in Design of 


Preproduction Models 


FREDRIK R. BARNES 


Mechanical Engineer, Stanford Research Institute 


BROADLY SPEAKING, the function of the engineer-drafts 
man-checker team is the preparation of an Index of 
Drawings; Bill of Material; assembly, subassembly, and 
detail drawings; and instruction sheets. In reparing such 
material this team strives to answer, dendi and clearly 
without the need of further directions from the engineering 
department, the question: “What do the production and 
procurement departments need to know, to enable them to 
present to the sales department one or many economically 
produced models that fulfill all conditions for which the 
unit was designed ? 

In a small company, the designer is often the chief 
engineer. In a large company producing several types of 
designs, the designer may be called project engineer, or 
design or layout draftsman. Whatever the size of the 
organization, he must organize his work so that the develop- 
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ent of his cen ept or the 


efficiency, and dispatch in order that the work « 
letailer, and checl kl 
In a manufacturing organizatior p! 
initiated by the business or sales managem 
engineering department, or the research let irtment. Ir 
research and development organization, the natur: of tl 
research to be carried on within the Z ne 
ally more or less broadly defined by the management; | 
the functional purpose of many of such an organization's 
designs is determined by a client's requirements. Thes 
urements, sometimes in outline f i lly con 
municated to the contractor organization | dis 
ission with the 
The specifi ils are communicated to t 
in one or more of several ways. (1) The contractor may 
be given only the broad requirements of the apparatus 


ace d s Mu dabei Unless the nsa: 
he agrees to work out the details nless the contracting 


organization is quite small, the management assigns a 





project engineer who will have full design responsibility 
for the project. (2) The contractor may be given a well- 
defined set of design specifications to adhere to within 
certain prescribed limits; the specifications are handed to 
the designer and he is responsible for the consummation of 
the project. (3) The nature of the project may be such 
that continuing discussions between the client and designer 
will be required as the design progresses. 

In all instances, it is necessary for the designer at the 
outsct to obtain as much information as possible concerning 
the requirements of the projected design. Copious note 
taking at this stage is recommended. The designer must 
ask himself: "Do these people know what they really 
want ^" and then proceed tactfully to find out. 

He must also ask many other questions: Size? Weight? 
Quantity? Cost? Time available? Expected life? Operat- 


ing conditions? Type of operating personnel? Additional 
factors that he should take into consideration are associated 
with tax laws, patent laws, accounting procedures, probable 
final production quantities, selection of materials, and pref 

erences of the client, particularly where cost, quality, and 
performance are concerned. 

Several sugestions may arise and some of them will 
probably be accepted or rejected on the spot. Probably 
many skeletal "talking" sketches will be made. "These, with 
the notes, should be carefully preserved. At all times 
during this and ensuing discussions, the designer must 
guide himself by a sincere desire to ascertain as exactly 
as possible the purpose of the design. 

When the preliminary discussion is ended, the designer 
is ready to commence work. At this juncture, having 
accumulated some notes and sketches, it is well to provide 
a means of preserving them. A standard three-ring stiff 
notebook cover serves the purpose very well. Stiff titled 
cardboard separators for the various divisions of the note 
book should be provided as required. 

The notebook is the rallying point for the design. As 
the designer commences his preliminary thinking, he will 
probably make numerous free-hand sketches: ask the pur- 
chasing agent to request quotations; consult catalogues; and 
make dated discussion notes as the picture of the design 
begins to unfold itself. These sketches, notes, requisitions, 
and records of discussions should be filed in their proper 
places in the notebook. 

Page one in the notebook should be a "Reminder Sheet." 






































On this page all the loose ends and unfinished 


stored. Most designers will probably agree, that 


in past designs were not caused by failure to think 
it hy failure to remember to follow thro eh 
ttle ideas that presented themselves as | 
essed. Keeping a reminder sheet prevents disor 
ind promotes peace of mind 


Next, in a "Data section in the notebook, s 


the notes and sketches that are the designer's 
the requirements of the design, discussions and 
investigations of materials, and so forth hc 
should preserve his own sketches These. in ad 
possible patent valu are useful records ot desig 
greed upon in saadiniinaty ind ensuing discussio 
Another section should be res rved ror ( ik 


sually, after calculations have comme ed. th 


finds it necessary to cut a tew corners as delin 


ithematics, or n space ind str gin inside 
lack of experience with the design in point. If s 
ly makes a few sketches that he gives to tl 


shop for the fabrication of trial ; 
Ihe next major subdivision of the notebook 
ntitled "Sketches." In addition to serving as th« 


for preliminary layout and study sketches, and sk 


test parts fabricated in the model shop, this s 
should include small final layout sketcl 
ketches awaiting detailing 


All these preliminary shop sketches, prints t! 
I | f 


hop corrections, suggestions, and test notes sho 


ie, >Date Sheets any the. designer's roc- 
of design requirements, discussions, 
oposals, and investigations of materials. 


Fig. 4—Designer's "talking" sketch supplemented with of skeleton sketches and the x sentation to tl 1 
discussion enables draftsman to work out details. d 
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Even with a rather complete design sketch, the draftsmar 
will need to consult with the designer quite frequently 
since the re 1S always the question OF W 


line where layout sketch completeness oncer | 


I SKCI 1 Xi í ( < 
of free-hand sketches of the individ parts specify 

è 1 } > > e b i $ 
limensions oicran 5 nea re n snes i IDLY 


instructions, and the numbers Tor asseMpD1y a ictal draw 










As numbers are assigned, it is w t , t} 






hasing agent a preliminary list of the parts t | 
Such foresight diminishes the inces of delay w 


assembly of the first r 


Returning to th etailing of the individ ) 

lesigner can now supply sketches, complete w | 
> : i i I 

numbers, to the detailer who needs do little mo 


OPpy off the information onto a sheet of drawing pat 


I } ts 
After the detailer has com 



















































bat se 1 1 
deliver checking prints, drawings, and sketches to the 


e unapproved at this stage. 


checker. These drawings will | 
Since most companies have a definite procedure for identify- 
ed drawings, either by the color of 
stamp or notation, any prints made 
it this stage must conform to such practice. The checker 
an mark on the prints or original sketches his corrections, 
lifications, and deletions in red pencil when checking 
igainst the designer's sketches and the standard’s manual. 
If the job is relatively small and simple, checking prints 
may be dispensed with and only the original drawings and 
ies delivered io the checker, who annotes the few 
hanges and corrections on the sketches, which he clips 
to the original drawings as checking is completed. 
Checking is mainly a matter of asking one's self ques- 


, | rints of unap| rov 
the print Or by a suitable 


t 
i 
1 

KECI 

$ I 


tions and looking to the drawings for the presence and 
orrectness of an answer. A preliminary check should 
be given the details as they come off the board. Secondly, 
ull drawings should be given a comprehensive check in 
accordance with the following principles. 

1. Orderliness is important. The assembly should first 
be checked for general design simplicity, substitution of 
heaper or standard parts, and ease of assembly. Next, all 


assembly and subassembly drawings should be given a quick 
inspection for general layout, drafting excellence, and 


whether or not there are immediately detectable omissions. 

Choose the governing features and dimensions of the 

lesign and work outward. Keep the reminder sheet at 

hand for annoting ideas not directly concerned with draw- 

ing checking, such as omissions from the parts lists, tooth 
rical insulation, and materials 


As the checker gets deeper into the pile of prints, ques- 


increase to 


tions will arise that will require checking "ahead." Also, 
questions will arise that will call for a reexamination of 
the "checked" stack. But the process should be kept orderly 
without sacrificing thoroughness. 

3. Materials should be checked for electrical charac- 
teristics, wear characteristics, corrosion resistance, fungus 
resistance, thermal distortion, and other properties depend- 
ing on the application of the design. 

4. Finally, the assembly should be checked for the clarity 
of views, and the simplicity of identification of each sub- 
assembly, individual fabricated part, purchased part, nut, 
bolt and screw. 

The assembly instructions should be checked for clear- 
ness, and coverage of such subjects as lubrication and 
special masking or finishing. The assembly check will prob- 
ably uncover some necessary detail modifications. 

If the design is a contractural development, the draw- 
ings, Index of Drawings, and Bill of Material should be 
thoroughly checked for compliance with the client's speci- 
fications. 

All drawings, the Index of Drawings, Bill of Material, 
and instruction sheets should be checked for completeness 
and correctness of title-box information. 

Checking should be completed by checking the integrity 
of the main assembly drawing. The assembly should be 
scrutinized from as fresh a view point as possible, inasmuch 
as the assembly drawing is the gateway to the determination 
of answers to many questions that arise after the drawings 
have been initially delivered to the drafting room files. 
These answers may possibly entail some changes on parts 
that have already been checked 

After checking, the drawings should be returned to the 
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ICCKID £ P ints s h IS n sary Prints and draw SILT ippr o 
gs a hen rc ned to the draftit oom for corre o he por V 
Ihe original sketches should be placed in the notebook les a 
After correction, the drawings and checking prints (or s of all | d | Bill of M 
sketches) should be given to the checker for final checking he signed drawings, Index, and B f M 
The checker should recheck the corrections and sign th placed in the permanent í í | upx 


checked by" box on the individual drawings and lists printing as needed by the pr 
All drawings should then be returned to the designer for ments, and others; and 


a final inspection and his written signature, signifying his Of 
assumption of design responsibility. Aft tures 





After final checking, unapproved prints are made for plete | 
the model shop and the drawings are filed in the designers and Bill of Material should placed 
file (separate from the print room file). The reason for for handy referen 
such filing is that up to the time of approval of completed Sooner or later, additior 
lrawings, completion of the first model, or completion of be suggested, or questions arising oj 
the Index of Drawings and Bill of Material, any drawing lepartments w 
hanges can be made under the authority of the designer requiring consultation of the drawing bool 
without the necessity for formal notation of the changes Any changes deemed 1 ry cat i led « 
either on the drawings or in the drafting room proper print in the drawing book | 

Usually only subassembly and detail prints are given to removed from tl oo! hed | t for D 
the model shop, especially if time is limited. The shop ng Change" form and forwarded t iraf « 
foreman should rely upon the designer to answer any After t hange | 
juestion that may arise concerning the model. The designer pencilled-up print should 
should follow closely the assembly of the model in the who checks t ]raw 


shop, noting on the reminder sheet or the shop drawings ipproval tur l 


any changes that suggest themselves. If he follows this file and the marked-up | t | | ( 
procedure, minor corrections and changes of the drawings n the designer s fil A new 

" S 1 ' , ş 

will be available by the time the first model emerges from s then placed in tl 


the shop. late. A similar procedure app! í f t Index 


The model should be photographed as completely as pos (f Drawings and Bill of M 
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RELIEF NOTCHES FOR RIGHT ANGLE BENDS 


Fig. 1—If the outside of the bend is parallel with the 
profile of the blank, regardless of the radius, a certain 
amount of fracturing or tearing of the material will be 
introduced, A. This tearing will be increased or decreased, 
depending upon the amount of radius on the outside of 
the finished formed part. A common method used to 
correct fracturing or tearing, is to introduce notches for 
relief, such as shown at B. These relief notches can be 
produced in the profile of the flat blank, and should at 
all times be twice the thickness of stock in width, and 


y 
| °) O 


Right angle bends, relative to a given hole location, 


A 


Fig. 4 
are rather difficult to maintain to any high degree of accuracy, 
as there are two basic conditions which may change the 
position or relative location of such hole. These conditions 
are stock thickness variation and temper variation of stock. 
Often a hole must be made as close as possible to a right 
angle bend, A. In this case a normal pierced hole must be 
made after the bend, otherwise a distorted hole, will occur 
The same blanked and pierced part is shown at B redesigned 
with the addition of the crescent slot. This design allows 
the part to be die Cut, blanked and pi rced 'There is enough 
flat material left around the desired pierced hole so that 
no distortion of material thickness affects the finished hole 





Basic Design for Small Part 


Recommended practice for the design of simple stampings, including design for 


ANGLE 


twice the thickness of stock in depth, when design permit 
This latter blank design gives a more satisfactory ber 
and more rigidity in the bent section 


Fig. 2—While compound dies or multiple purpose or 
operation dies are advisable for mass production, to 
that will produce in one operation what is ordinar 
being produced by two or more are advisable from qua: 
aty production standpoint. The design at (A) should h 
avoided when small lot stampings or pilot runs are bein: 
The lancing tool not only has to lance t! 
three ears loose, but also has to form and set the ear 
The forming tools used for (B) merely form and set t! 
three ears in their desired position on the finished blani 


considered. 


BENDS 





Material 
1" 
jg brass 


FIG 


1" 
4 do 2-4 


in the bending operation. Stock left adjacent to the hole 
should not exceed the material thickness of the stamping 
specification. Although this design is not always possible 
it should be considered from the standpoint of mass produc 
tion. The desirable location of placing the hole adjacent t 
a right angle bend, is at C. The edge of the hole should ni 
be closer than one and one-half times the thickness of stock 
plus the inside radius of the right bend. 


Fig. 5—Shows a piece part with the edge of a large hole i 
line with the bent section of the finished. part. This bea 


would distort the hole considerably, particularly if the stock 
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ry ben:] 1 
| | | 
| Ea | 
ose OF Eus t I 
on, tox | 
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h [he six nicks or recesses adjacent to the ears should be in Fig. 3-—Typical lanced piece, A. The rrect free positior | 
1 . ° 
ould | width at least twice the thickness of the stock, and should of the ear would be hard to maintain on a high degree of 
are bein; be somewhat deeper than where the bend takes place on the accuracy; also, the radius at the bottom could not be held | 
a finished formed part. The radius at which the ears meet thc too constant. The best designs for pilot runs of such blanked | 
the ear major blank can be increased or decreased without affecting xerced and formed parts are shown at B and C. It should | 
| 
= oer any additional tool cost, and the ears may be laid at almost be noted that this ear can be formed at any angle with any 
d blani any angle assuring a free position of the finished part desired radius at the bottom without difficulty | 
) | I | 
I 
— l—— ———————————— — | 
"rial ZA FIG. 6 ` | 
A n 
rass | 
| L 
| ( 
| A | 
A 9 | 
f A / 1 
FIG Q o | o a T V b 
A| D A 
L 
NNI "rne 
— di 
o D 2 n gue )r 
B) TE -— NON FPE om Y 
T e(t | i NC A 
) | 4 
i pem J) f \ J 
Ò Haan oed x i lena *) 
p sedes Enid See ue 
A à I 1 T 
o ian ba 
the hole s i 
i thickness was more than 0.015 in., and would make an Fig. 6—The original design, A, shows the part as submit 
stamping i : : í : a 
as undesirable hole in the finished formed stamping. The piece while B shows the converted design used for a gear trair 
OSSIDIC . ° . . 
P d part is redesigned at B, keeping the edge of the large hole plate. In this particular case it was necessary to fasten two 
S rodutc . . - ‘ a € n a 
P in the required position to the right angle bend. This was ates to a common base X. In bending or forming the ears 
ljacent t : aite : : 
nl accomplished by the redesigning of the blank and the pierced Y, a slight variation in stock thickness or material temper | 
ould ni : ile . 
aee flat stamping. If this redesign is not always possible, and if will increase or decrease the dimensions C and D, causing | 
OI SION 1 r " . 
the design shown in A has to be maintained at no time the bearing holes to be out of line in the final assembly) | 
uld the edge of the pierced hole in a given part be Using design B, the ears Y, were formed in such a manner | 
vr to the bend than one and one-half times the stock that there was a slight clearance left at F on both ears 
d kness plus the inside radius of the bent section, if the When it was required to line up two such plates, this was 
P hole : is to be pierced before forming. In design A, a normal accomplished by letting the added section G of the stampin 
his ben ced hole must be made after the bend, otherwise a come to rest on the base X. In the design of section G the 
the stoch rted hole will result. stamping was notched at H ( continued on next page) 
—— 
952 
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Basic Design for Small Part Stampings (continued ) 








TOLERANCES ON MATING PARTS 





































Fig. 7—If extruded dowels are used in the mating together of 
two parts, it is usually done to hold a definite relation between 
a point on one part and a given point on the mating part. It was 
essential in this case that the dimension "X" be maintained. 

While the two dowels were extruded 
in part A, the location of the dowel C 
and the hole in part B were the deter- 





mining factors of holding the relation h 
"X". The second dowel D was placed = 
as far away as possible from the dowel C, f if 

and merely held the alignment of part B. P 
The compensating hole for dowel D was B may 
an elongated hole. All that was neces- m 
sary was to maintain the correct diameter q e | 
of both dowels, the correct diameter of B possi 
the hole C, and the correct width of the fof th 
elongated hole. This made it possible that | 
to replace part B whenever necessary. holes 
Loc 

1 
PIECE PART REDESIGN Bives 


0 Simpl 

Fig. 9—In producing a limited number of Par 
blanked, pierced and formed parts at a mini- pb bi 
mum tool cost, redesign of the part is often (B) puo ! 
considered first. Billec 
á @esige 


Part A is a hinged key with a conventional 
type curled hinge construction, and unimportant 
overall detail. The hinge section required two 
or more operations. Part B gave more economi- 
cal tooling, and was about half that of part A. 
The only change was to move the hinge pin 
hole as far as possible from the bent section at 
A, producing the part in two operations. 


drillir 
art ( 


Fig. 10—A simple clevis will demonstrate to 
the designer or engineer a variety of possible 
designs for a new piece of equipment. It also 

















EXTRUDED HOLES FOR TAPPING FORMING AND BENDING SHEET STOCK 


SD 








(A) Topped, 

Topped TE ue 

2 fhreads f : Fig. 12— The overall tolerance of stock thickness should be ; 
crn (B) I oT Eo considered if any high degree of accuracy is wanted in the 


bending or forming of sheet metal. The two types of stee! 
used in bending operations are: strip steel, and sheet steel 


Fig. 11—In the piercing and tapping of sheet metal stock, Should the sheet metal vary 0.001 in thickness, dimension 
the possibility of an extrusion at the point of tapping A would have an overall variation in the stock thickness 
should be considered. The maximum height H of the plus a small accumulated error in the bending operatic n 
extrusion should not exceed 1/5 of the body size of the itself. On the other hand, if dimension B is taken from the 
tap. In A, with an 8-32 thread, only two threads could outside of the offset bend, the variation would be twice that 
be produced. In B, 34 to 4 threads would be possible. of A, plus the tolerances required in the forming or bending 
If possible, instead of using an 8-32, a 10-32 could be operation. Cold rolled strip steel has about a 50 perce 

used, thus increasing the hole size, and height H. closer thickness tolerance than cold rolled sheet ste 
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EINFORCING RIBS ON STAMPINGS 





/f 
8—Usually in a right angle bent sheet // - à 
ıl part, the bend offers a weak point. In | x . 
case, one or more stiffening ribs, such as i l | 
ion AA put at the right angle bend, in | M NON 
se the rigidity of the overall part about || ; m ( ( 
or 200 percent. Such ribs can be twice | v. b IN 
thickness of the stock material in their over- 4 | 
height, and the inside radius of the rib, if lA Don 
| possible, should be equal to the stock thickness. X " KN A E 
j the hole shown is not a lightening hole, aS B LA] 
and has a definite purpose, a rib, section BB, => | 
may be formed around the hole midway be a | P E 
—— en p . , Nie ad ; pa i 
c3 fiween the hole circumference and the edge of B-B | . O O | 
—— fihe part. By keeping the ribbing as far as E M 
[possible from the pierced hole, less distortion por i2 $—3 AR R | 
fof the finished part is assured. The reason being 
lihat the contour of the blank is made first, the sS Ws “v 
Xl holes second, and the ribbing last. | 
ili ———  HÓÓ"€——YÁ——HÜÍÓ———À———— nr —— —— P '——À Dm M 
— H — 
Bives a practical and economical viewpoint to y 
Wimple, small parts. c 2 Fig. 10 x — h | 
Part A is a casting which does a satisfactory > K — d | 
job but adds considerably to the weight of the DX = he Y E | 
Brit, and is high in price. Part B is a piece of esl Ss ~~ &.. Ji ma > | 
@illed-out bar stock welded to a stamping. The ae ie i | | — Lo ce ) 
@esign is better; however, the welding, and A) en a 8 x 


3m rilling of holes after welding, adds to the price. 
Ñ E C shows two symmetrical stampings spot 
Welded together, resulting in good design. A 
—H Wimple inexpensive jig will assure alignment of 
C— € holes during spot welding. Part D shows 
) Q one-piece stamping involving simple opera- 
ons, and assures uniformity as to the align- 
/ ES of holes. Part E is prabably the ultimate 
far as simplicity of design and practicability 
t concerned. All holes are pierced in the flat 
lank, and a simple U-form will assure very 

@ose alignment of holes. 





umm —————— s — DERE — l—— ——— ———— . » = 


- E Fig. 14—Part A shows a traditional casting and bar stock con 
TOCK APPLICATIONS 


struction of a machine foot lever 10 in. long with broached kevwav, 
and weighing 6 lb. Part B shows a stamped construction with a 
FIG. 14 saving of about 67 percent. It is just as strong and weighs less 
The broaching of the keyway is eliminated as the hub, which is 
made up of three identical stampings, has the integral key stamped 
in them. The arm, which is made of 10 gage steel, can be brake 
S i formed and welded into position as shown. The overall weight is 
> 


we is approximately 2.2 pounds. 
SSeS "M | 








yuld be : 1 (B) N. i | 
in the - FIG | 
of steel . M. | 
t steel Fig. 13—In transmitting a rotary action to 
nension a reciprocating action on a given lever, one 
ickness flat on the shouldered bushing B is suff- 
ration cient. Two flats on a shouldered bushing ( ) ! 
-— can be milled in one operation, permitting 
m that twice the holding power when the parts are —— | 
endine put together. The pierced hole in a blank (C) | 
»ercent with two flatted holes costs no more, and in — | | 
ns ; a long run is more satisfactory. | 
3 | 
üÉ— — ——————————— nee 
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Fig. 1—(A) Origina! design of gear train for optical instrument.—(B) Hevised 
design in which manufacturing advantages and improved performance are obtained. 


Optimum Selection 


M. DAVISON 


prone to overlook the practical con- 
siderations affecting the overall func 
tion of the gearing. It is also apparent, 
in reviewing many gear train designs, 
that cost considerations have not been 
y scrutinized. It frequently 
happens that a critical study of a gear 


[OO (€ losely 


train by those qualified to do so, gen- 


erally results in improved accuracy 

and reduced costs. Simplification in 

riably accomplishes these two ob- 
Ves 


A review of a typical gear train 
instrument before and 
study will 
lemonstrate one way in which design 

Exactly what the 
is immaterial to this 


1 
an opti il 
after submission to expert 
in pe improved 


nstrument does 


ission. As shown in Fig. 1, the 

n two nj ut sources A and B, 

| two outp sources € and D Op- 

| elements rotated by shafts € 
nd D at a desired rate through SEV 
ral different types of gears. In the 


PRODUCT 


of Gears for 


first design, Fig. 1 (A), the drive ti 
the output shaft C begins with a pair 
of bevel gears of unequal ratio (not 
miters) and proceeds through a double 
threaded worm and several spur gears 
The drive to the other output shaft / 
starts at another pair of non miter bevy 
els, continues through several 
gears, proceeds through a second pai: 


spui 


of bevels, and then through a worn 
and worm gear. 

In this train there are four set 
of bevel gears. All four sets ar 


slightly different from each other ir 
ratio and blank dimensions, therefore 
eight blanks of different dimension 
are needed 

Several things are wrong with the 
design of this gear train. First, i! 
goes through increasing and decreasing 
speed rates to achieve the final output 
reduction; second, accuracy in angu 
lar transmission is reduced by using : 
double-threaded worm and gear and un 
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Any material extending beyond interference point is ineffective 


Fig. 2—Split worm gear construction sometimes employed to take up backlash. 
Backlash is removed at the sacrifice of satisfactory contact. When one-half of the 
gear is rotated slightly in relation to the other balf to remove play, two restricted 
areas of contact on diagonally opposite sides of the worm tooth are obtained, this 
reducing the load carrying capacity and the service life. 


Fig. 3— Worm and gear design in which the tips of the worm threads function in a 
zone where the involute profiles of the gear teeth have been undercut by the gen- 
erating hob. All the material in the worm beyond the interference point as shown by 
the shaded areas is ineffective. Removal of the ineifective or surplus metal from the 
tips of the worm threads will avoid the danger of interference with a high fillet in the 
trochoid of the gear teeth. profiles. 


Precision Instrument Drives 


Design simplifications that improve the performance and reduce the cost of 
gear trains for instruments. Functional and manufacturing advantages in- 


herent in the several types of gears used in the construction of instruments. 


even ratios in bevel gears; and third, possible to design a common blank for ombination is preferred. Cost-w 
manufacture of the gearing is need- all the bevel gears and thus achieve since two worms 
lessly ‘complicated thereby increasing two manufacturing advantages: (1) the same part and tool 
the cost. One tool setup to bore, turn, and face — for both combinatior 
An improved design of the gear cight blanks; and (2) All gears can Ihe desired. sp 
train shown in Fig. 1 (A) is shown be cut and inspected with one set of shaft D was obtained by increa 
in Fig. 1 (B). All the bevel gears are tools the ratio between the worm G 
miters (one to one ratio), thus it is The double-threaded worm was gear H. In th rt mec] 
possible to match the high point of changed to a single-threaded worm it was possible to effect a chang 
the run-out of one gear with the low and the worm gear changed to suit so ratio and st ntain the same 
point of the run-out of its mate. This that their ratio and dimensions would 
practice is common in precision bev- be identical with the lower worm and finer p 
| gearing, and leads to greater ac- gear. This change was made possible In instrument gear desigi 
uracy. In most bevel gear assemblies, by changing the ratio of spur gears E find | 
when the ratio is one to one, prac- and F, from 1:1 and 2:1. Again, this ause of expediency. If a few 
tically all of the effect of run-out can change resulted in greater accuracy mental principl 
be cancelled out in this manner and manufacturing advantages. A these errors could voided. I 
By making minor changes, it was iracy-wise, the single-thread worm — article "Practical ( 
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While the 


























An example of poor worm gear de- 
sign is shown in Fig. 2. This split gear 
construction is sometimes employed to 
take up backlash. In such a construc- 
tion, backlash is removed at the sacri- 
fice of satisfactory contact. When 
one half of the gear is rotated slightly 
in relation to the other half to re- 
move play, two restricted areas of con- 
tact on diagonally opposite sides of 
the worm tooth are obtained. The load 

arrying capacity and service life or 
durability of the drive are both con- 
siderably reduced. 

Here is the joker in this combina- 
tion. Because the worm gear, in the 
under consideration, had a 
small number of teeth and these were 
generated with a 143 deg pressure 
angle hob, it was badly undercut. This 
condition resulted in poor tooth ac- 

Actually, in such designs, the 
worm addendum could be materially 


lesign 


tion 


Propuct ENGINEERING 


shortened 





without affecting contact 
ratio. 

Since the tips of the worm threads 
function in areas where the involute 
profiles of the gear have been cut away 
by the generating hob, no tooth action 
can occur beyond the point of inter- 
ference as shown in Fig. 3 by the 
shaded area. It is desirable, therefore, 
to remove the surplus metal from the 
tips of the worm threads, because by 
so doing, the danger of interference 
with a high fillet in the trochoid of the 
gear is avoided 

The argument that low pressure 
angles are preferred when backlash is 
critical, breaks down completely in an 
application of this kind, because the 
designer had provided an artificial 
means of removing backlash by a split 
gear construction. Removal of the in- 
effective worm material would have 


helped to obtain smoother action. It 
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is apparent that a higher pressure 


angle, such as 20 deg Was indicated in 
his pear the 
would then have been avoided. 
A second fallacy, with the particular 
worm gear set, was the fantastic an 
vular transmission tolerances that were 


Even admitting 


set Undercut in geal 


originally specified 

that the extremely tolerances 
specified could have been satisfied by 
one means or another, much of thc 
accuracy is destroyed in a construction 
such as shown in when the 
conjugate sections of the two halves 
ire changed to remove backlash 


( lose 


Fig. 3, 


A much better way of removing 
backlash in worm gearing, in which 


retained accuracy is important, is by 
means of dual lead worms as used 
the Gould & Eberhardt Company 
their hobbing machines. These worms 
are ground to a standard lead on one 
Hank of the thread, and to a shorter 
lead on the opposite flank. The dif 
in the leads depends on the 
amount of adjustment required, and 
is affected by ratio, center distance, and 
pitch. Backlash is taken up by moving 
the worm along its axis 


by 
in 


rerence 


The hob 
ised for producing the gear is a coun 
terpart of the mating worm, that is, 
it is also ground with a dual lead 
Conjugate tooth action is therefore as 
sured regardless of the amount of 
backlash between the worm and gear. 

A dual lead worm and gear combi- 
nation employed in a precision gear 
cutting machine is shown in Fig. 4. 
Dual lead worms have also been used 
successfully in many mechanisms such 
as dividing heads and other devices 
where the control of motion and back- 
lash is important. 

Worm gearing of low lead angle 
and large diameter is preferred in mo- 
tion drives. A worm gear for a mo- 
tion drive is a mechanical filter. The 
larger it is and the more teeth it has, 
the less error will pass through it. The 
ideal motion drive-worm gear has: (1) 


Cone intersection. _ 
point is ignored ee as 





Fig. 6—Two designs of instrument 
bevel gearing that are difficult to 
mount accurately. 


; ; 
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A large number of teeth; (2) as large 
diameter as the mechanism will per 
ut; and (5) a mating single-thread 

worm ot as low lead angle as is possi- 

these 

such a drive has low etticiency as à 


ble. Because ot requirements, 


power transmitting device. In tact, all 
the desirable tactors that are important 
in an | 
avoided in a motion drive 


thcient power drive are to be 
I 


Like other types of filters, some 
errors do get by in a worm gear drive 
Among the errors it cannot filter out 
are bearing errors. 
in. anti-Iriction. bearings 
form angular motion ot both the worm 
and gear. Thrust to 
control the end play ot the worm can 
be disturbing if improperly designed 
and adjusted. Another type of disturb- 
ance that can pass through a worm 
drive is one that is in phase with either 
the rotation of the worm or gear, or 
both. 

A gear train tor a machine com 
monly used to hob instruments gears 
is shown in Fig. 5. The manufacturer 
of this machine, like other manufac 
tureres Of gear generating equipment, 
siresses precision at the key points ‘of 
the gear train that are enclosed in 
circles in Fig. 5. These key points 
center around the worm drives and 
lead screw. The index-worm gearing, 
feed gearing, and lead screw are made 
to a much higher degree of accuracy 
than the remainder of the gear train. 

In the precision machine built by 
this manufacturer, extreme care is 
taken to produce the index-worm drive 
to a high degree of accuracy. The 
worm wheel is several times larger in 
the precision machine than the one in 
their machine. Also the 
wheel operates with a single-thread 
worm in the precision machine instead 
of a triple-thread worm that is used 
in their standard high production 
machine. 

The remainder of the gear train is 


Excessive run-out 


attects uni- 


bearings used 


standard 








at vital points is Z 
machine 
exceptions; pre 


pears are 


thread grinders, pt 


g 
hir 
machines 


Whenever 


ies, and some 


they 


tool Dullders 


worm gearing problem 
Id 


designers wo 


the 
the machine-tool 


well-estal 


Many instrument 


that 


In Fig 


bevel 
accurately 


gears 


examples of instrum 


in which the 
be accurately estal 
Note that there is 
end of the 
as the 
the gear, and the 


geal 


nounting 


in the housing casting 


lis} 


ant 


can be assembled only 


teeth in mesh wit 


the 
This pra 


instrument 


observing 
angles 
many 
leaves much 
All 


with intersecting 


to DC 


tooth el 


cmcet 


axes 


( 


egory fall all but hypoid 


enter 


verge at the cone 
Fig. 7. At this poi 
pressure angle, and t 
zero. All isuren 
poin At 1 certain 
the con nter 1 


pitch cones of a 
coincide at the pit 
action 1S lestr 
as disastrous as 


two spur gears of 


Fig. 7—In bevel gears with intersecting 
axes, all tooth elements converge at the 
cone center from which all tooth measure- 
ments originate. 
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pressure angle are meshed together 
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Fig. 9—Gage plug positions flat 
front face of gear blank in as- 
sembly and establishes the cone 
intersecting point. 





Fig. 8—Bevel gear blanks with flat front faces 
facilitate accurate assembly. Distances A and B 
can be held closely, therefore, the front face can 
be used as a reference surface in assembly. 


i — c Pinien axis 


Fig. 11—Section of an on-center face gear and pinion. Face width 
is usually narrower than a bevel gear of the same pitch and ratio. 





(Limiting point of 


Fig. 10—Diameter at which teeth become pointed 
~outside diometer 


generally limits the outside diameter of face gear. 


fore, be used as a measuring surface tooth contact of spiral-bevel gears wit! 













The tolerance on back angles in 
bevel gears is quite liberal (see ‘Fine 
Pitch Bevel Gear Standard, ASA B6.8- 
1950) and in many instances bevel 
gears do not have back angles. One 
innot be sure, therefore, when match 
ing back angles that the gears are 
properly meshed 

One practical way to obtain correct 
mesh is to make the blanks with a flat 
front face as shown in Fig. 8. In ma- 
chining the blank, the front face can 
be held to a close dimension both in 

spect to the crown point and the 
nd of hub. The front face can, there- 


to establish the cone intersecting point 
in assembly, which as shown in Fig. 
9 can readily be done by means of a 
gage plug. — i 

The majority of instruments employ 
straight bevel gears in right angle 
drives, although other types of gears 
of the bevel family have many advan- 
tages. Among the less common types, 
the virtues of which are not fully util- 
ized, are Zerol gears 

Zerol gears are curved-tooth bevel 
gears with zero degree spiral angles. 
They belong to the spiral-bevel family 


of gears, and combine the localized 
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the freedorn from thrust controlling 
problems of straight bevel gears. 
Localized tooth contact results i: 
smoothness of motion and quiet op 
eration; it also permits some latitud. 
in misalignment. In instruments, be 
cause of boring difficulties and lack o 
rigidity of mounting, it is an advantag 
to have some provision for compensa 
tion of alignment errors and shaft de 
flections. Until recently, straight beve 
gears did not have the virtue of local 
ized tooth bearing. Some of the ne 
straight bevel gear machinery can prc 
duce Coneflex gears, which have 


xalized bearing like that obtained noothr f operation. li t ap 
ral bevels and Zerols tions | 1 . 


passing out o IC | i 
with the introduction of the new Dese | \ t 
straight bevel gears. This is not so 1 in t í ( C urd l ut i 
The pract! al consideration that should consists ol ( p OSS 
not € overlooked is one of machine that meshes p l o0 } E 
ool investment. Zerol gears can be form that has been : ited by a g 
on the same equipment used for iprocating cutter of substantially th « g 
ting all other types of spiral-bevel ime size and to 
ars. On the other hand, a machine pini 
utting straight bevels cannot ! — The geometry 
sed for other bevel gear types, an nmarized as follow | 
would not fit in the peace-time gear I! 
tting equipment picture. Few straigh ire con V | nd icity of 
vels are used in consumer goods ingle is zero at t on t g equipment. I w AGMA 
Many instrument manufacturers, there face gear where th f Of l rd ts à im ratio | 
fore, are reluctant to buy equipment — radius is equal to t | o s nd a N 
that will not fit in with their peace circle radius. The momentary pr l f ^ 5 


ime manufacturing requirements angle increases in value for each it narrower than that of a ( 
It is suspected that the inertia on rease in radius on the face gear. It t ul tch and ratio. For t 


S ie face pea 5 | 

the part of instrument designers In becomes eq il to tl o | p! v k 

not specifying more Zerol gearing ure angle of the | jn at a dista ying ca] y 

tems from two sources: (1) Lack of from the center of the face gear wher Like spiral bevel irs, fa 
iderstanding, and (2) the fact that the radius of the pitch cone of 1 wedded to their g 


ie blank design is wedded to the tools pinion is equal to the nominal tcl lhe cutter should 
l to cut, the teeth Someday, SC radius of the involut spur £ y s 
ous consideration will be given ti Not much of tl portion of tl « Sit 1 shank ter of 


1 
$ 


problem of simplifying blank d. tooth that lies inside of the nominal l lity generates the face 


sign for bevel gears of the spiral pitch diameter of the fa rear is t imit of approximately 
nily rective beca se the trochoidal fillet n 5 pl 1 OI nini tter di 
Face gears are finding more and produced by the tip of tl tter r ter. This ( 
more acceptance in instrument design moves most of the active profile of the t10 A n eifect on ral n ultr 
f » 1 ! of 
or right angle drives. Face gears nside end of the tooth 
oth the on-center and the off-center The outside diameter of the fa In looking over gear trait t wi 
types, can be made with either spur rear, as shown in Fig. 1 is generally ( n that t! 1 
or helical teeth (See "Fac Gear DX limited to that 1 neter where th« if Only v O 
" ; ! 1 ther ' +] 
sign Factors", PRobUcT ENGINEERIN( teeth become pointed or to a diameter we put togethe 
; = sis i 1 
July 1950, p 117). Face gears belong — slightly beyond tl oints onal perfi ow 
1 ! ; 1 1 - ai 5 1 " n } ] 
to the bevel gear family of angular The tooth form of t I rear t CO r ` 


1 
rive 


ives. Like bevel gears, the quality 
range is quite broad and covers th "o9 
gamut of hobbed or milled face gears 

! 


(which are not conjugate of a mating AN EXHIBITION OF MODI MACHINES 1 | [rom t raw 


95 O 

th nion at all) to the well made gears Leonardo da Vinci—15th Century artist and engineer-—was preset 

o. generated with a reciprocating pinion by the International Business Machines Corporation, Sept j to Oct. 4 
haped cutter that is a facsimile of in their New York offices. The working models, built by Roberto A 
he mating pinion Guatilli and assistants, demonstrate how ly Leonardo lerstood t 


The American Gear Manufacturers engineering principles that have more recently n nto commor 





+ he : ts l l +} " za 1 
Association is currently working on a pra Ice His thre s 1 d C W } S jul eg Í O ed 
idard. for on-center face gears. This our standard automobi ransmissi V out 4 I 
ne y nè e E : } inl hi led t l í 
ype warrants a brief discussion h ipile ot his C€ 
: ] 11 
iuse of their advantages when at ui our pumj nd hydraul y 
s witl plied in instrument drives Other displays i led a wagon with oller ng mounted 
rolling hand powered | olf i i 


s. RECOMMENDED Use. Face gears are 
ilts ir generally recommended for application 
et °F where the loads are relatively light 
atitud: ind where the mounting difficulties 
ts, be prevent the establishing of accurate 
ack o registering surfaces for the pinion 
antag his flexibility in mounting result 
pensa from the fact that a displacement o! 
aft de the pinion along its axis does not aí 
beve tect the conjugate action of the gear 


local mesh. A change in the axial position MANY EXPERTS CONSIDER the late Dr. Robert H. G Clark 
e ne of the face gear results only in a University as the father of modern rocket propulsion. H veloped at 
n prc hange in backlash, bearing pattern tested the first successful liquid fuel rocket in 1 nd the first t 


ave ind if extreme, a reduction in the fire a rocket missile at rsot peed 


195 Propuct ENGINEERING — January, 1952 171 


A 
























_-Test specimen 


-- Extensometer 


(A) 


D'al indicator 





Time E 
meter) | -—^ 


- 
mono utm "RIT MN BRUI a c 


- 


Fig. 1—Three types of creep measuring and recording systems: (A) dial indicator system; (B) cantilever strain gage 
system; and (C) system utilizing linear variable differential transformers. The LVDT system is fast, accurate, and gives 
a visual indication of conditions as the test progresses. Fig. 2—Extensonmeter system utilizing linear variable differ 
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Measuring and Recording 


SEVERAL DIFFERENT TYPES of 
hort time creep measuring and rc 
cording systems are curfre ntly being 
ised by industry. Among these is a 
lial indicator system, Fig. 1(A), in 
which a dial indicator extensometer 
ind a running time meter are photo 
graphed with a 16 mm motion picture 


| 
umera.! Another system, which was 
leveloped by the Cornell Aeronautical 
Laboratory. consists of a cantilever 


type strain gage and suitable amplifiers 
and recorders, Fig. 1(B), to mechan 
y measure and electrically indicate 


the amount and rate of creep 


1 
IC al 


Both of these methods of measur 


ment have several serious ] idvan 
tages. With the dial indicator systen 
the data cannot readily be read as th 


test progresses, with tiie res ilt tl 
malfunctioning of the equipment may 


be detected too late for correction Ih: 


strain gage system requires a complex 
electrical circuit and has a limited 
range of sensitivity. This system 
easily damaged 

The use of a system consisting of 


172 


linear variable differential transformers 
(LVDT) to measure creep, and a 
modified potentiometer recorder to 
chart it, eliminates such problems. In 
brief, the LV DT method has the fol- 
lowing advantages over established 
methods 

l. It bas tbe required. accuracy, re 
liability, and simplicity of operation 
Although there are no data affording 
a direct comparison, the LVDT sys 
tem should be more accurate than the 
lial indicator system during the early 
stages of creep in tests of sheet ma 

rial. Erratic strain readings are often 
riven by a dial extensometer when 
load is fitst applied to a specimen and 
luring the early part of a test. Appar- 
ntly, this result is due to a straighten 
ing of a bend in the test specimen. 

No such difficulties have been ex 
perienced with the LV DT | system, 
since two differential transformers are 
ised, Fig. 1(C), one on each side of 
the specimen. Straightening of the 
specimen causes equal and opposite 

ovements in the differential trans- 
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formers on opposite sides, and the net 
resultant is zero. 

Also, the ability of the LV DT sys 
tem to average strain from two sides 
of a specimen makes this system more 
suitable for creep test of bar material 
in which non-axial loading and un 
equal straining are frequently encoun 
tered. 

2. Since the progress of each test i 
visually recorded, corrections in tes 
conditions can be made as the té 

progresses, and lost time from re-run 
is thereby minimized. 

3. Use of the LVDT system require 
less man hours than the dial indicator 
ystem. The time saved in the tran 
scription of data may amount to about 
30 minutes of operator time per test 
for short tests. 

á. An LVDT recording system i 
applicable to other types of researci 
and testing problems. Differential 
transformers are generally useful as 
means for measuring small movement: 
(see PRODUCT ENGINEERING, July 
1950) and the LV DT system can be 


January, 1952 




















amplifier ond 
recorder 































LV 

































AMPLIFIER SLIDE WIRE RANGE 


SWITCH 








C) 
LVDT 
DT EEUU EC Orr P a ru ue E ELE ee ERES 
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rder 
ential transformers to obtain creep data from 

age a sheet specimen. Fig. 3—Basic LVDT circuit 
i. for one channel and three ranges. 

er- 


J. W. HUFFMAN 
Engincering Research Laboratory 
North American Aviation, Inc 


System 


ised as a general purpose instrument 





net to record data from other types of 
tests, e.g. the deflection of structural 
sys nembers under load. 
des í 
ie Construction of System 
tal An extensometer system utilizing 
un differential transformers as set up for 
un ise with one creep machine is shown 
in Fig. 2. The test specimen 1s of con 
ti ventional shape. Two pairs of ex- 
lt tensorneter arms transfer clongation of 
té the specimen to two linear variable 
Hn lifferential transformers. These trans- 
formers consist essentially of three co- 
ive axial coils wound consecutively on a 
itor phenolic cylinder with an axial hole. linear function of the slug position. í ich side of the test specimen so 
‘an A steel slug is inserted in this hole. The difference in voltage between tl that strain from boti les is sensed 
out When the center (primary) coil is primary coils causes an unbalan nd electrically averaged 
test energized with a-c voltage, a-c voltages the potentiometer circuit of the r Strain and time are recorded sin 
ie induced in the two end (sec- cording system taneously by data points printed on 
E ondary) coils. The sum of the two Movement of the potentiometer ontinuous roll moving at a constant 
irc] secondary voltages is constant. Rela-  slidewire to restore balance in the cir rate [he recorder is equipped with 
tial tive axial movement of the slug, how cuit moves the pen of the recorder t rang witching device in order t 
IS | ver, reduces the voltage in one s thereby indicating and recording the obtain both maximum resolution ar 
ents ondary coil and increases it in the elongation of the test specimen. On maximum range. D | | 
July other. The voltage in each coil is a differential transformer is suspended trical system are shown in Fig. 5 abo 
be 


) . -<~ 
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In opcration i fest may De Degun vhich is a length measuring instru- 


with the recorder in the most sensi ment consisting of a telescope that 
tive range. When the specimen has ioves along a finely graduated scale 
elong rated to the end of this range, the The results of these calibrations are 


printing Carriage actuates a switch that tabulated in Table I. Comparison is 


changes the ranges of the recorder to made between percentages rather than 
the next higher range. This process between clongations, since different 
continues until the specimen ruptures gage lengths were used in the two 
or the end of the last range is reached. methods 

The choice of scale ranges is arbitrary The relation between the LVDT 


easurements and the cathetometer 
measurements is shown by a plot in 
creep tests wer onducted Fig. 4. Ex point “P”, the 
LV DI init to deter nine Its la 4 point solid 
agreement be- 


| 
line rc present ing perfect 
methods of 
point "P" 


Operation of the System 


Several 
with thc 


accuracy 


ept for the 

s fall closely about the 
1 

and general operating chara 

1 


+ 


teristics In. thes 


given by the 


ests, re ita tween the two 


ment. The 


mcasurc- 


re orde r were check IS believed to be 


against measurements made directly on displaced. because of some equipment 
the test specimens with a cathetometer malfunction. If the scatter of the data 


Percent elongation measured by LVDT 





O.I | IO 100 
Percent elongation measured by Cathetometer 


Fig. 4—Comparison of results from LVDT system with measurements 
of elongation made directly on the specimen with a cathetometer. 
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Fig. 5—Basic multi-channel circuit for bank of creep testing machines. In 
addition, a separate range switching device must be used for each creep machine. 
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dotted lines, 

the precision of the LV DT 

esent, more than adequate ior 
sheet material. 

precision will probably be 

achieved by improvements in the ek : 

trical circuit of the system 


lies between the 
probable, 
IS, at 


as seem 


| 
tests of Howeve 


The time required to start a cree 
test was found to be about the sam 
for the LV DT and dial indicator sys 
tems. A comparison of the times rc 
quired to transcribe data for the tw 
systems is complicated by the fact that 1 
the time varies with the length of test : 
particularly with the dial indicator sys 
tem. For time for 
transcribing is approximately the sam 
for "e two systems 
the data from the 
be read in a few 
with the dial indi that 
the film from the recording cameras lx 
developed and viewed with a Re 
cordak, an operation 15 to 
30 minutes 

Maintenance and service required by 
the two systems are comparable. The 
LV DT system requires little or no at 
tention during < Maintenance 
consists periodic ally 
r and the am 
the recorder 
system for a bank of 
be developed by 


V 


long tests, the 


For short 
hart may 


short tests 


test € 
recorde r 
econds 


ator require 


consuming 


pe ration 
principally of 
checking the chart pape 
plifier tubes of 


An LVDT 


reep machines can 


Table I 


Differential Transformer with 


Calibration of Linear Variable 


Cathetometer 


peci Elongat 1 Percent 
men Per 
No I By Cath B 
ne LIDI 
AK) 1.1 ae 
2 / 0 0 260 
3 7 0.1 0.217 
1 7 0.154 0 14 
75 1.11 Be: 
7 00 2 0 1! 
` 100 71 





re order to record 
each ma 


Isin£g a multi point 
in sequence thc data from 

chine. A basic number of 

channels is shown in Fig. 5. Such an | 
arrangement would necessitate the in- | 
stallation of a range switching device | 
(not shown) for each creep machine 


circuit for a 
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position of P 


Fig. 1—General case of the five-bar linkage. 
An infinite number of different motions can 
be generated by varying linkage characteris- 
tics, The authors discuss one special cese. 


Fig. 2—Path of point P is shown for this special case—a symmetrical, 
five-bar, double crank linkage. Slider will have two forward and two 
backward strokes for this mechanism because crank speed ratio is 2. 
A phase angle of 30 degrees was chosen for illustration purposes 


Analysis of a Symmetrical 


ive-Bar Linkage 


D. c. TAO 
A. S. HALL 


Purdue University 


SUCCESS IN THE: DESIGN of mechan- 
isms depends, first of all, upon a fa- 
miliarity with many types of linkages 
ind an appreciation of their possi 
lities and limitations. Although the 
slider crank and the four-bar linkages 
an generate a great variety of motions, 
there are many situations which these 
simple linkages cannot handle unless 
they are used in complex combinations 
In these cases, other types of linkages 
that are better suited for the job should 
be investigated. 

One type whose possibilities have 
not been fully explored is the five-bar, 
double-crank linkage shown in Fig. 1 
In this linkage, gears maintain a speci- 
fied phase angle between the two 
ranks to make a mechanism from the 
ombination. As the cranks rotate at 
a constant angular velocity, point P 


DI 


traces a path whose characteristics a: tive when ] OLH tro 


} 


letermined by the | 


lengths of the Links lett end o 


t 1 i 


the speed ratio of the cranks ingle 


and the value of the phase angle. It isO degrees. It 

is impossible to describe and tabulate red clockw | V v] 

all of the motions that could be gen neasured counter clockwise 

erated in this manner, but selected tan tween the fixed crank pivo 

data on one special form of this link f called 

age will indicate the possibilities of In Fig. 3(A) are shown typical 

the linkage and will serve as a guide grams of the motior 

in selecting the linkage dimensions r luced by this linkage with diff 

quired to satisfy a particular problem values of the speed rati The 
The symmetrical five-bar linkage placement "x" of tl lider fr 

shown in Fig. 2. will be used for illus xtren 

tration. By symmetrical is meant that against 

cranks 2 and 5 are of equal length for a single 

and connecting rods 3 and 4 are also dimensions 

of equal length. Discussion also will It can 

be restricted to the case for which | 

point P drives a slider whose motion trokes of th« 

is confined to a plar e parallel to th i kward 

line joining the crank pivots. The revolu 


, : } 
left crank angle, O, is defined as posi value of the 
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Left crank angle O degrees 


Fig. 3—(A) Number of slider strokes as well as their 
length and time relation can be varied by changing the 


whole number, either positive or 
sative. Therefore, this type of link- 
is useful when a periodic recipro 
cating motion consisting of severa! 
trokes of different lengths and dif 
ferent time relations is desired 
Probably the lowest speed ratios of 
practical significance are +2, since the 
motions produced with speed ratios 
of +1 c approximated by sim- 
pler linkages, such as the offset slider 
crank. Fig. 3(B) and (C) shows a 
cries of displacement diagrams for 
the slider motions produced by a sym- 
metrical linkage with a crank speed 
L2. These curves have been 
awn for one set of linkage dimen- 
sions but ror a series of phase angles. 
Although all curves for this value of 
rank speed ratio have two crests and 
two troughs, as the phase angle in- 
reases the shapes of the curves change 
ind the troughs and crests are dis- 
placed with respect to the starting 
position of crank 2. Further variations 
ould be obtained by varying the link- 
ige dimensions, even though the sym- 
metrical characteristic is retained 
To incorporate the effects of all of 
these variables in a convenient source, 
lesign charts have been constructed for 
this symmetrical five-bar linkage and 
included as Reference Book Sheets, 
p. 201, 203 and 205, of this issue. 
The method used in constructing these 
harts is as follows: 
Referring to Fig. 


t 
} 
i 


an 


ratio of 


P 


3 (D), the first 









trough in the curve for @ = 0 degrees 
is designated R, the first crest to the 
right of R is $,, and the trough to the 
right of $, is $5. The crest to the left 
of R (or to the right of $5) is labeled 
$4. The vertical distances from R to 
$,, $9 and $, are represented by 5, 
fo and 53, respectively. They are posi 
tive when measured upward from R 
and negative when measured down 
ward. The location of R in terms of 
the angular position of crank 2 can be 
found from Fig. 3(B) and (C). When 
$ is zero degrees R occurs at 153 de- 
grees of the left crank angle. When 
$ changes to 45, 90, 135, 180 

the same trough R occurs at 184.5, 
210, 231, 249, 270, 280 and 303 de- 
grees respectively. When the phase 
angle is 360 degrees, R becomes S» 
and corresponds to 324 degrees of the 
left crank angle. Thus a continuous 
urve of the left crank angles at which 
R occurs can be plotted against the 
different phase angles. This curve is 
called R in the design charts. Simi- 
larly, the left crank angles at which 
Si, §, and S occur for different phase 
angles are curves $,, $5 and $4 in the 
design charts. To make these curves 
continuous, sometimes it is necessary 
to measure the crank angle in negative 
values i.e. counter clockwise from the 
left end of the x-axis. For example, 5, 
in Fig. 3(D) occurs at —144 degrees 
which is the same as +216 degrees if 
measured clockwise 
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speed ratio. (B) and (C) Varying the phase angle changes 
the shape of the curves and also displaces the troughs and 


i80 





Left crank angle ©, degrees 


Another set of curves in the de 
sign charts compares the lengths of 
the different strokes and also compares 
stroke lengths to linkage dimensions 


fi 


The plot vs. phase angle 4, 
2r 
shows the length of the first forward 
stroke as compared with the diameter 
of the crank circle. In the first back 
ward stroke, i.e. the distance between 
S, and Sz, 5; ə can be represented 
Sy jo 
by the curve - vs. phase angle. 
^ 
This curve shows the length of the 
first backward stroke as compared 
with the first forward stroke. Also, 
fa fo 
the curve ———— vs. phase angle 
^ 
shows the length of the second for- 
ward stroke as compared with the 
first forward stroke. The point of in 


fg —So 


tersection of the curves - and 


f f. 
1 2 
— indicates 5; == sg and its cor- 
5 
responding phase angle, and crank 
angles can be read directly from the 
design charts. As indicated previously, 
Sı 
for $ 360 deg. is the same as 
2r 
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180 


Left crank angle 6, degrees 


crests. These curves are drawn for a + 2 crank ratio. Link- 
age dimensions correspond to l/r of 9 and f/r of 6. 


for od Q, tor o 


360 is the same as for $ 


0, and for & 360 is the 


same as ford 0, so that the 


stroke curves are continuous 


Sample Design Problem 


To illustrate the use of the design 
harts consider the following problem 
A reciprocating motion is required for 
which the slider moves forward with a 
) in. stroke, reverses and moves back 
ward at least 44 in., forward again to 
within 3 + 0.1 in. of the position at 
the end of the first forward stroke, 
then backward to its initial position 


270 





Phase angie e - o* 





180 270 


Left crank angle O, degrees 


[he time between the two extreme 


forward positions is to be 
1 
i 


2 of the 
time for the complete cycle, i.e. 135 
degrees of the left crank angle 
tolerance of + 3 degree 
angle is alowed 


Expressing this problem in th 


tations used in the design charts 


0.1 in 


0.33 + 0.01 


To find a linkage that can generate 
such a reciprocating motion, a value 
of the phase angle @ must be selected 
from the design charts that will satisfy 
the following three conditions 


(1) The corresponding difference 
in ordinates between the 


Table I—Data for Five-Bar Linkages Shown on Pages 201, 203 and 205 





] inkage Q - 2 Phase \r gle 
l f 4 | 119 
7 4 140 
: : i 
` ^ 99 
7 5 127 
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1 0 34 1 2 ( 
137 0.34 2 
135 0 33 NI 
133 0 34 K | 
13 0.34 0 &.31 
137 0.34 Q ¢ 1 42 


(D) Notation used in construction of design charts is illus- 
trated in the above drawing. 


(2) Th 

(3) Ih orresponding 
in Ordin vcen 
$. is 135 3 dea 

As shown in Table I 


linkages, for whi 
been included, can 
sired motion. It 
signer to select the « 
adapted to the physi 
requirements o 

If a desired recipro 

onsists OI two IOrw T | and two 
ward strokes in a comp! 
cannot be generated by 
five-bar linkage, includ 
which charts have not n 
then a possible pro | 
a symmetrical linkage whi 
mates the desired mot 
it by cut-and trial thods. 1 
cation can involv 
ie. following 

(1) Making 

sube 


1 

i 
sl 
I 
















































Adjustable 


Fig. 1—Possible applica- 
tion of adjustable trans- 
former for speed control 
is pictured here. Opera- 
tor adjusts speed of ma- 
chine by foot pedal, 
which is chain connected 
to transformer (inset). 


Fig. 2—The compact con- 
struction possible with 
adjustable transformer 
controls is illustrated by 
this design employing a 
Xenon filled EL-6C recti- 
fier tube. A baffle plate 
separates the tube from 
the other components. 





Transformer Motor Speed 


and repulsion motors can be controlled 


W. N. TUTTLI over a wide range of speed, but speed 

General Radio Company, Cambridge, Mass | ( i 
is highly sensitive to changes in load 
ADJUSTABLE TRANSFORMER motor The combination of an adjustable volt- 
peed controls a eing applied in age control with a motor of this kind 
increasing numbers on production js satisfactory only when the load is 
quipment. This trend has resulted constant or varies in a suitable manner 


partly from the volution of the ad 


with speed, as in the case of a ventilat- 
istable transformer from a laboratory ing fan. But even when the driven 


levice to a piece of industrial equip- load is constant, considerable variation 


ent Caf able of handling considerable it speed can be caused by heating of 
)W ind partly from the develoy the lubricants, working in of the bear- 
t of suitable and tube and ing surfaces and so on. In general, 
y pl ifiers si it th intro] refore, transformer controlled a-c 
n | ised with t or c motors are not used often for machine 
jund motors tool drives and similar applications re- 
The characteristics of an a-c motor juiring good adjustable speed char- 
rated directly fro i liustabl cteristics 
ransformer € ible for only a I in the field of d-c motors that 
ted r pplications. Ser idjustable transformer is finding 


wide acceptance. When combined 
with a rectifier, this device provides 
an adjustable voltage that can be ap 
plied to the armature of a d-c shunt or 
compound motor operating with con 
stant field excitation. The inherently 
good regulation characteristics of th 
motors are preserved and a simpli 
control is made available 

An arrangement of this kind i 
basically a constant speed system, be 
cause the variation of speed with loa 
is due only to the ZR drop in the arma 
ture voltage source, modified somewhat 
by the change in flux due to armature 
reaction and the series field, if used 
Because of the good regulation o! 
the adjustable transformer and becaus: 
the conduction point of the rectifier 
is not held back by grid control, th: 
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SPEEDO ~ RPM 


$00 


o 25 


Controls 


internal resistance of the armature volt 


source 1S ibout half the armatur 


sistance, so that the speed regulation 

f the motor is usually tween Ót 
1:75 percent of the total spec 1 regu 
tion of the control and motor 


When diodes or selenium rectifier 
re employed in a rectifier system, it « 
possible to obtain both good regula 


' 1 nd o ue: fartar hr ino 
on and good torm factor by using 


only a small choke. In a thyratron 
<tifier, on the other hand, this is 
+] 1 
) Uu 5C 
In the commercial thyratron s l 
ntrols the poor form factor is a 
1 and a motor about 50 percent 
versize is used to handle the increased 


issipation lg 


Compensating ircuits are 


w Po Crit T tance and Cos 
Rectifiers”, P I.R.E. V pp. € 659 


) 
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Fig. 3—Speed-torque curves for 1/3 hp adjustable trans- 
former control and compound wound motor. Percentage 
regulation varies inversely as the full load speed setting. 
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On the other hand an 
15 hp shunt motor, made by con 


l hp ! aobsfus -— 
; nj seicnium Tr incer co Ol OI 


ing with a ompoun WOuI mot 
Almost identical ipply to tl 
larger } hp control 

Even at the low spe 1 settings the 
regulation of the ontrol and mot 
has proved Satisfactory It is CCOI 


nercenta oe 


075 1.0 
025 O 

Frochon of full food *orqve — — 
a — 
h nt motor at Da peed 

: s I 
ent when the motor 1s operated at 
vice base s| ed by field weakening 


$6,500 rpm, 


rung a series motor and operating 
he field at a constant jue of 10 
vas found to have reg ition ot « \ 
per ent ] l | 


ition, Expr sed as rpm rise in sq 

etween full-load and no-load f 

proximately constar ining th | 

percentape regulation ) ly 
the full-load spc l ng l 
illustrated in Fig which 

a family of speed-torque cur for 


1.1 a 1 
ing clear that although good regulation 


ised blindly as a figure 
| 


merit in judging an ad 


ijusta lc speed 


ontrol. The regulation requirements 
should be matched to the work to be 


lone, and experience is showing that 
extremely close regulation is required 
only 


for exceptional applications 


| 
Form Factor and Motor Rating. The 


form factor of the armature current 
is the ratio of the rms current to the 
l-c value. Only the d« component 


produces useful output, the 


a« component. merely increasing the 


power 
losses. Assuming that armature dissi 
pation limits the current that can safely 
be drawn, the useful power that can 
be supplied by a given motor varies 
inversely as the form factor. One in 
vestigator gives the figure of 1.55 for 
the form factor in a thyratron control, 
the value being approximately constant 
over the speed range. Corresponding 
values for the autotransformer speed 
Only the 
full-load value is important in limiting 


the output, and 


ontrol are given in Fig. 4 


this varies from 1.16 at 
ase speed down to 1.01 or 1.02 at the 
lower speed settings 

Speed Range The speed of the 
motor, with most loads, is infinitely 


idjustable from base speed down to 

zero. Itis relatively easy with a motor 

which is free from “cogging” to run 

mooth or light load steadily at 20 

rpm. Although the regulation 

poor at low speeds, most loads can 
gradually started or stopped 

High speed motors may be used 

o advantage with adjustable trans 

ner speed controls, either to in 

e .the maximum available speed 

| obtair wide working sp ] 


PRODUCT 


$, 


Senes field 


B o ŘS 
Fe 


Field supply 
l5 volts dc 


—————————— f, 





ge. Shunt or compound-wound 
motors for speeds greater than 5,000 
rpm are not generally available, so a 
universal motor reconnected to operate 
at constant field excitation is gen 
erally used. By this means equipment 
powered by a universal motor can be 
converted for adjustable constant-speed 
operation without changing the motor 
The change gives improved regulation 
over a wide speed range, and while 
starting torque is reduced, any starting 
problems can be overcome by bringing 
up the speed with the control knob 
When motors having base speeds of 
10,000 rpm or higher are used, it is 
possible to control light loads over 
a speed range of several hundred 
to one. 

The range of speed that can be cov- 
ered by armature voltage control can, 
of course, be extended by varying the 
field excitation. The base speed of 
the usual compound-wound motors can 
be raised about 25 percent by field 
weakening. This range has been used 
in commercial adjustable-transforme: 
controls to give greater flexibility in 
fixing the top speed when a control 
is installed, but not to increase the 
working range. A tap on the field 
transformer at 65 percent of normal 
voltage gives about 15 percent increase 
in the motor base speed. The desired 
tap is selected according to the appli 
cation. Smaller motors of standard 
design permit an increase in base speed 
of up to 2:1 by field weakening 

Special motors can be controlled 
over a speed range of 4:1 by field con- 
trol and even up to 8:1 by more 
claborate coristructions. Such motors 
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are expensive and are designed for ap- 


plications where the range of speed 


obtainable by field control is all that 


is required. Use of such motors with 
both field and armature control has 
seemed both complicated and expen 
sive for 2" which have been 

so far but an arrangement 
of this kind might be used to mect 
special requirements 


considerec 


The low in 
ternal resistance of the armature supply 
means that full advantage can be taken 
of the excellent starting characteristics 
of compound motors. Selenium recti 
fiers have ample short-period overload 
capacity to take care of fast starting 
and reversing. Even when diode gas 
tube rectifiers are employed it is eco 
nomical to furnish greater starting 
current capacity than is usual with the 
thyratron controls. Adjustable trans 
former controls have outstanding abil 
ity to start heavy loads quickly 


When heavy loads must be started 


at full voltage, the compound-wound 
motor is preferred to a straight shunt 
motor because the ratio of starting 
torque to starting current is consider 
ibly higher. Except with heavy loads, 
motors of 4 hp and smaller present 
no starting problem, so that either type 


may be employed, the shunt motor 


1 
he 


! ^] . 
Other Characteristi 


ition 


giving slightly better regu 
Design of Controls 


Motors provided with a commutat 
ing pole give improved commutation 
over the working speed range, par 
ticularly in reversing service. This 
onsideration appears to be of less 
importance with small motors, and 
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F t8 
Armature 
OL F 
R 
Series fieid 
Shunt fieid 
FIG. 6 
sizes below 1 hp a not 
wailable with commutating pol 


Either diode tube rectifiers or s 


nium rectifiers may be employed. I 


tiners are ompact have iong | 
} ^ ] 1 i 
ind can be operated gh 
niaii ls dd 
emperatures, Du ney requir Ci 
lerable filament power which 
liffcult to dissipate in a. comj 
ontrol. Tube rectifiers, also 
some sort of time-delay hanism to 


permit warmup before the load is 
plied, and a center-tapped autotr 
rormer 1S necessary ror 
ircult 

A thermally operated bin 
switch is frequently emploved 
vide the time delay but re 
in order to recycle quickly A 


motor operate 1 switch 


factory, and, when the d 
minute or less, requires no aus 
relay. In this case the unit is d 

so that the motor stalls wher 
switch is operated; a spring and cl 
mechanism gives a quick reset wh 


power 1s interrupte l 
[ IS 1f ipted 


There ire no riti i] C 
for the tubes. In a diode rectifier w 
a choke the peak to average rrent 


x y 1 

ratio is low because conduction con 

tinues for the full duration of eacl 
» 7 

half-cycle 


This makes it relatively 


easy to provide ample starting current 


ipacity.. Mercury, mercury 
filled tubes can be used as 


ording to the ambient ter 





requirements of the intended servi 
Xenon-filled tubes can 
over the wide temperature 
tron 85 to 


l ( 


Selenium rectifiers have 
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Fig. 4—Armature current form 
factor at ‘various speeds and 
loads. The reduction in form 
factor at low speed partly off- 
sets the Joss of efficiency of the 
motor cooling fan. 


Fig. 5—Circuit for manually 
operated adjustable voltage con- 
trol utilizing selenium rectifiers. 
See text for thorough discussion 
of circuit components and cir- 
cuit operation. 


Fig. 6—Control circuit for push 
button operation with dynamic 
braking. This circuit requires 
push buttons with two normally 
open circuits for starting and 
reversing and a single normally 
closed button for stopping. 
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voltage and current in an ambient 
temperature of 55 C, and of 40,000 
hr or more in a 35 C ambient 

Circuit. A typical circuit for a 
manually operated selenium-rectifier 
ontrol is shown in Fig. 5. Separate 
bridge-type rectifiers are employed for 
the field and armature circuits. A four 
pole three-position switch is used to 
start, stop, and reverse the motor. Two 


poles reverse the armature voltage, onc 


+ 


opens the input circuit to the adjus 
ible transformer and one connects th 
dynamic braking resistor across thi 
armature in the stop position. Th 
switch is of the type which cannot he 
thrown directly from forward to re 
verse but must be held momentarily in 
the intermediate stop position. Open 
ing the input to the Variac in addition 
to opening the armature circuit when 
stopping the motor interrupts th 
armature current with a minimum of 
arcing Moreover this arrangement 
liminates the autotransformer no-load 


1 J} 
loss during idle periods and reduces 


heating of the control box 

Since the field supply must operati 
in the stop position to provide dy 
namic braking, a separate transformer 
is used in the field circuit: this serves 
ilso to isolate the field s ipply from th« 
irmature supply to px rmit reversing 
of standard compound-wound motors 
having five leads. Also. since the cir 
iit breaker must operate at the sam 
value of armature current regardless 
f the speed setting, the breaker coil 
is placed in the transformer o itput cir- 
nt It could ilso be pla ed dire tly 
n the armature circuit, but variation 
of the form factor with speed settin: 
results in somewhat more variation of 
the operating point 

The field fuse is placed between th 
field transformer and rectifier. Thi 
transformer 


n case of rectifier bre ıl lown ł It 
e a fuse of the 
low-hlow" type so that the initial 
ge of leakage rrent through the 
tifier will not blow the fuse when 


nrevents damage to the 


the control ; first turne | or 


No essential chang ire required 
when contactors are emploved to pro- 
vide push-button operatior A circuit 
utilizing standard a-c 4-pole reversing 


ontactors (having five pairs of nor 
mally-open contacts) is shown in Fig 
6. One pair of contacts placed 


S f | in 
each armature lead, one in the input to 
the 1utotran former in ] two in the 
button circuits. The dynamic braking 
relay has a normally closed pair of con 
tacts for the braking circuit and a nor 


^" , > 1 
mally open pair for the control circuit 
to prevent Operation of « ther r innir 


ontactor before the lynami 
t has openi | 


The hoke IS important both it 


proving the regulation of the armature 
supply and in reducing the a-c ripple 
current in the armature circuit. The 
minimum inductance that will insure 
continuous conduction through the rec- 
tifier, giving these advantages, is one 
having a reactance equal to one-third 


1 
+} 


C equivalent load resistance, ( load 
voltage divided by load current), at 
the line [requi ) The requi ed in 
ductance 1s greatest, therefore, at maxi- 
mum speed setting and minimum load 
Insufficient inductance is indicated by 
a breaking away of the speed torque 
curve from the straight line at light 
loads and maximum speed. It is easiest 
to design the choke empirically so that 
the bend in the curve is just percept 
ible at the low torque end. A small 
ür gap in the core is employed so that 
the inductance will not drop off ex 
cessively at full load and increase the 
form factor. 

In considering possible designs of 
ontrols, the essential factors limiting 
the output of the adjustable trans- 
former must be kept in mind. So that 
brush may travel 
over the entire winding and give a 
variation of voltage from zero to 
maximum, the winding must be in 
| single layer. For a core of given size, 
therefore, the cross section of copper 


ic autotranstormer 


ind. consequently the power output 1s 
reduced as the number of turns is in 
O QIN higher voltage opera 


is offset somewhat by 





higher brush losses at lower voltage, 
the net effect being that a 230-v Variac 
has 80 percent of the power rating of 
a 115-volt design using the same core 

Another factor limiting the output 
is the amount of overvoltage or boost 
that is provided. The usual design 
giving 0-135 v output for 115-v input 
makes the copper loss at the two points 
of maximum loss about equal. Any 
further step-up seriously reduces thc 
output, so that when the 115-v input 
tap is used on a 0-270 v Variac, the 
output power rating is halved. 

With controls using sclenium recti- 
fiers it is desirable to provide enough 


boost to give 115 or 230 v d 


f output 
so that standard motors can be used 
at rated voltage. Variacs giving 0-150 
volts a-c output for 115 volts input 
will deliver 115 volts on full load 
at the rectifier output and have been 
adopted for the 3 and 3 hp commercial 
controls which have been developed 
This seems a good design, although the 
additional boost reduces the maximum 
output power about 10 percent. The 
best theoretical design would require 
the use of a motor wound for about 
100 v. This seems undesirable in con 
trols intended for general application 
Where 230-volt operation is desired, 
a top rating of 300 v is provided. This 
gives an a-C power output about 70 
percent of that of a standard autotrans- 
former on the same core 

When the tube rectifiers are used, 





Fig. 7—Coil winding machine with an adjustable voltage drive that per- 
mits a gradual start under full operator control, a wide range of winding 
speeds, and steady operation at any speed setting. 
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ie proper amount of boost can be pro- 
ided in the center-tapped step-up 
totransformer required for the recti- 
ier circuit. Variacs of standard design 
an, therefore, be employed. 
Miniature selenium rectifiers usually 
re used for the field supply of com- 
vercial adjustable voltage controls. 


[hese rectifiers were developed for 
j 


power supplies for radio and television 


sets and electronic equipment gen 
erally. For maximum life the output 
irrent should not exceed about 75 
percent of the radio set rating. These 
stacks can be operated at full voltage, 
however, and provided that the back 
leakage when first installed is not ex 
essive at the maximum expected line 
voltage, failures are not likely to occur 
A field supply fuse protects the field 
rectifier "and transformer against 
wrong motor connections or a short 
ircuit. When a tube rectifier is used 
the time delay clock is connected 
beyond the field fuse to prevent the 
application of armature power unless 
the field fuse is in place and intact 
The overload breaker must open 
instantly in case of a short circuit and 
should also protect the motor and 
control against sustained overloads. At 
the same time, it should permit normal 
starting current several times the full 
load value for several seconds. With 
tube rectifiers it is also necessary to 
protect the tube from starting currents 


f 


of long duration in the event of a stall 
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or the application of too heavy a load € o | \ 
A magnétic circuit breaker of th | control c; 
time-delay type has been used in com t a low st 
mercial Variac controls. For selenium a Varia 
rectifier models, the rectifier has suff Applicati à 
ient thermal capacity to protect both sta ting have pi ! 
the motor and rectifier. With a tube o adjustable Í ols. I 
rectifier it has been found possible to the case of w £ 
match the time delay characteristics of former co 
the breaker to the short period over ist be stopi 
load characteristics of the tube. In this g tag ‘ 
way full advantage can be taken of the n iximum prod 
maximum tube rating on starting with fast acceleratior 
out risk of damaging the tube. When ind fast and cof 
his is done, it is not usually possible tion. A d 
with a single standard breaker to gi nts employ 1! 
protection also to the motor or control idjustable transfor 
against sustained overloads, althoug! switch to apply dyi 
starting protection is provid | matically at the low Í l 
Applications LE he Eo , 
rake operated by a secor 
These controls S ipply constant motor and dri pul uM or 
torque over the working speed range nertia constructiot 
In applications such as lathe drives, 5,00 rpm wa 
two pulley ratios make it possible to 
handle either light work at high speeds the k ` 
or heavy work at low speeds with s wh i 





ample torque margin. A bed geared 


lathe requires only a single drive ratio. feasible, as in the lathe-feed lla- 


In determining the number of drive yn shown | I 1 appli 
ratios required, it should be remem tions for 
bered that it is frequently economical sions of | 
to provide a driving motor of greater ses wl 
apacity than with controls of other without stand! 
types This is be aus¢ the inherently untena € 
low cost of the adjustable transformer yf the lecti 
‘ontrols and because no derating of provided 


Fig. 8—Installation of a 14 hp motor and control on a 
Rivett precision screw cutting lathe. Since back gears 
are available, this proved to be more power than re 
quired; one hp would have been ample. The installa 
tion is both simple and inexpensive. 


Fig. 9—Adjustable voltage feed control for carriage 
and cross slide of a production lathe. The control, 
which is rated at 1/15 hp, utilizes selenium rectifiers. 
The feed is reversible and the feed rate can be varied. 





















Fig 7—]aw-type coupling is se- 
cured to shafts with straight pins. 
Commercially available; some have 
flexible insulators between jaws. 


,.-Pins, Steel sleeve 






a 


Fig 13—Steel sleeve coupling fastened to shafts with two 
straight pins. Pins are staggered at 90 degree intervals to 
reduce the stress concentration. 


— 
f 
+ 


Low Costs Methods of Coupling 


Sixteen types of low cost couplings, including flexible and non-flexible types. 
Most are for small diameter, lightly loaded shafts, but a few of them can also be 


Fig 8—Removable type coupling with in- 
sulated coupling pin. A set screw in the 
collar of each stamped member is used 
to fasten it to the shaft. 


Fig 9—Sprockets mounted on each 
shaft are linked together with roller 
chain. Wide range of torque capacity. 
Commercially available. 


` 


Key. Steel sleeve 
SQ GH ATT 7 


“Setscrew 








Fig 14—Single key engages both shafts and metal sleev: 
which is attached to one shaft with setscrew. Shoulder o: 
sleeve can be omitted to reduce costs. 
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: Rubber bose adhesive *-Split flexible sleeve d 
: 
: Fig 1—Rubber sleeve has inside Fig 2—Slit sleeve of rubber or other Fig 3—Ends of spring extend through Fig 
: diameter smaller than shaft diameters. flexible material held by hose holes in shafts to form coupling mai 
: Using rubber-base adhesive will in- clamps. Easy to install and remove. Dia of spring determined by shaít üt 
* crease the torque capacity. Absorbs vibration and shock loads. dia, wire dia determined by loads. 2 
EE NM 








| Small Diameter Shafts 





» adapted to heavy duty shafts. Some of them are currently available as standard : 
e commercial parts. : 
` 
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Pin Screw Knurled erratec e f shaf : 

^ : 

| : 
rough Fig 4—Tongue - and - groove coupling Fig 5—Screw fastens hollow shaft to Fig 6—Knurled or serrated shaft is : 
pling nade from shaft ends is used to trans inner shaft. Set screw can be used for pressed into hollow shaft. Effects of — $ 
shaft mit torque. Pin or set screw keeps small shafts and low torque by milling misalignment must be checked to pre : 
ls. ifts in proper alignment. a flat on the inner shaft. vent overloading the bearings : 





etscr 


each Fig 10—Coupling made of two collars Fig 11—Coupling is made from two Fig 12—Bolted flange couplings are 
roller fastened to shafts with set screws. Pin flanges rivited to leather or rubber used on shafts from one to twelve 
acity in one collar engages hole in other center disk. Flanges are fastened to inches in diameter. Flanges are joined 

Soft spacer can be used as cushion. the shafts by means of setscrews. by four bolts and are keyed to shafts 


Collar Slotted Collar Meta! ends 
s/eeve 3 
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rew d 
leev: | Fig 15—Screwing split collars on tapered threads of slotted Fig 16—One-piece flexible coupling has rubber hose with 
er ol sleeve tightens coupling. For light loads and small shafts, metallic ends that are fastened to shafts with set screws 


sleeve can be made of plastic material. Commercially available in several sizes and lengths 
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MANY HYDRAULIC SYSTEMS contain a number of com- 


ponents requiring widely different pressures for their opera- 


tion. For example, the lamping cylinders in a press 


generally operate at only a few 'h indred psi. pressure while 
the main power cylinders may ri juire several thousand 
pr ssure To atte mpt to ope rate both at the same pres 

re would involve excessively large main cylinders and 
mpractically small clamping cylinders. In addition, a large 


lume of oil would have to be supplied for the one unit 


and a small volume for the other. To avoid such a situa- 
tion and to achieve a balance of system, it is essential that 
a high pressure be available for some units and a cor 
respondingly low pressure for others 

The hydra ilk Init ind ethods that can be employed 
[ ) obtain multiple working pres res include 

1. Pressure reducing valve 

Pressure intensifi 
Separate high pr rc and low pressure pun 

í. Relief valves 

5. Unloader val«« 

Pressure reducing valy t nat implies, reduces 
the pressure of the oil flowing through it. Basically, it is 
a spring loaded valy A normally open, pressure re lucing 
valve permits unrest: 1 flow of fluid until pre-d 
mined pressure is re hed. The valve then operates auto 
matically to restrict flow and ntain constant delivery 
it outlet port I l 1 ro 1 dra po to 

ur. If line pre f Ive opens w to hold 


@ = — 


SS ee =... 
== 
| j 
kao a» a> ep a e» ap aa «>» ab apap m Pres red 7 volve 


1 Intensifier circuit. Three different operating pressures are available in this 
a hydraulic system. The clamping cylinders use pump pressure. The intensifier 
provides high pressure for piercing. A pressure reducing valve cuts pump pressure 
to a lower value for return of the clamp piston. Numbered arrows indicate direc- 
tion of flow for each position of the valve handles. 


delivery pressure constant. A wide range of pressures is 
easily obtained by adjusting the valve. 

The reverse of pressure reduction is pressure intensifica- 
tion. Low pressure oil is furnished a large cylinder 
that is mounted integrally in tandem with a smaller di- 
ameter cylinder. The pressure developed will be inversely 
proportioned to the piston areas. Such a unit does not 
cause any temperature changes, neglecting friction and 
leakage, because the energy input and output of the unit 
are substantially equal There is no theoretical limit to 
the maximum pressure difference that can be developed 
but the volume of high pressure oil delivered will be 
inversely proportional to the ratio of pressure output to 
pressure input. The volume of high pressure oil per stroke 
is relatively small for high pressure ratios. 

Rotary pressure intensifiers have been developed. Their 
basic characteristics are the same as those of cylinder in- 
tensifiers except that they are intended to give “con- 
tinuous" flow. On the other hand, a single —— acting 
cylinder unit delivers no high pressure oil at the end of 
the stroke and a single acting uni! iiiv s no oil on the 
return stroke. The rotary unit is in effect a combination of 
cylinders and so cannot deliver an n steady flow of 
high pressure oil. There are bound to be pulsations 

For operating power cylinders, the single cylinder inten- 
sifiers meet all the requirements if the displacement of its 
high pressure end is slightly greater than the total volume 
re Juir | on the power stroke of the working cylinders. 
It is a simple unit and is used extensively. 
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e === neg nes — 
moa " 
-"—— ^^C7oc860 pressore 
Power unit Low pressure pump 
2 Pressure reducing valve circuit. Pump pressure Two pump circuit. Actually there are two independent hydraulic 
s is available for the operation of cylinder B while * systems in this machine, having a common vent circuit. Pressure 


a reduced pressure is fed to cylinder A 
stroke portion of the cycle. The pistons of both cylin- Separate pumps require separate supply lines to the working elements, 


ders are retracted under full pressure. 


GM HELLE 


DUAL-PUMP SUPPLY. S parate high pressure and  ENTENSIFIER CIRCLUTI The hyd | t in Fig 
low pressure pumps arc generally used when large volumes 1 makes use of an intensifier, a p ng | 
ff both high and low pressure o!l are required. The pumps ind a pressure relief valve to le tl lif 

iy be separate units or designed into onc common body ating pressures from a sing r ur Hy 
n or ler to conserve spa € Which of these types 1S used pow r flows from th 

immaterial insofar as hydraulic operating features and heck valves. Thes 


racteristics are concerned 


Relief valves are substantially pressure ri lucing valves When the handle of the four-« \ fted 
that they limit the operating pressure that can b position No pump pr | t | l 
pplied to the unit. If the pressure goes higher. the valve nd of the clamping cylinder | 
pens and by passes the oil back to the tank or reservoir vlinder moves out against the work pie At 
Relief valves cause heating of the oil. Whenever oil of the stro! Kf the clamping 
lows through a valve or orifice from a region of high four way valve B to position Ni 
ssur® to one of low pressure, there is a loss of hydraulic sure flows to the lind end of 
ergy, the loss being converted to heat. The amount of High pres oil from the output 
rgy converted to heat is proportioned to the pressure powers the operation of the piercing 
lrop times the volume of oil. The temperature rise of the After piercing is completed, valve A 
il, neglecting the heat losses to the surroundings, will be mn No. 1 directing pump pr the front end « 
proportional to the pressure drop ntensifier. TI | " 
A frequent error in hydraulic thinking is to confuse ylinders so that the spring 
ressure control and volume control. For example, a throt lers f I 1 sid A 
tling orifice is volume control rather than pressure control ind check valve. The filler tanh 
If the flow on the low pressure side of the orifice ceases, th« y leakage in the high | s 
pressure almost immediately builds up to the pressure on As the last stey ie Op 
the high pressure side of the orifice. On the other hand A to position No. 1, allow: 
sure reducing valves do not d pend on rate of flow to reducing valve [his prevent 
the pressure redu tiol Once set to ho | a piven on th return strok X 
ressure, they maintain the same pressure at ! Il flow or ilso prevent slamming 
zero flow ons in à pow lit (ed 
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on the out- of each pump is set independently by means of a pressure relief valve 


so that the lines should be kept short for economy 
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= Relief valve circuit. Since the press ram remains in 5 Cam-operated relief vaive circuit. Pressure in the upper 
= * the elevated position for long intervals of time, low * hydraulic line is determined by setting of the relief valve 
— pressure relief valve is incorporated in the “retract” cir- The stem of the valve carries a roller which is in contact wit! 
= cuit. Thus, pump does not have to labor against high a pneumatically actuated cam. When the cam is at its outermost 
= pressure during the dwell periods. position, line pressure is a maximum. 
TULLE ELLE ELLE E i 


REDUCING VALVE CIRCUIT. The system in Fig. 2 The pressure output of each pump is adjusted by means of 
illustrates the use of a pressure reducing valve to provide a relief valve. 


two operating pressures from one pumping unit. High Action of the forming cylinder is controlled by a four 
pressure is required for the out-stroke of one hydraulic way master valve. When the operator puts the handle of 
ylinder and low pressure for the outstroke of the se valve A in the No. 2 position, oil from the high pressure 
ond. The power unit is furnished with an adjustable pump is admitted to the blind ends of the clamping cylin 
clief valve ders. When the work has been secured, valve B is 


In this installation, a four-way master control valve is shifted to position No. 2 so that low pressure oil. powers 
in the outlet line from the power unit. The master valve the forming operation. All pistons are returned when the 
is of the open center type so that in the neutral position oil master valves are shifted to the No. 1 positions. 
from the power unit is dumped back to sump at atmospheric 


pre 


p! 


"Ssur« RELIEF VALVE CIRCUIT. This system, Fig. 4, makes 
When the operator shifts the master valve handle to — use of two pressure relief valves to give two distinct work 
position No. 2, oil flows directly to the blind end of ing pressures in the same circuit. This circuit performs 
cylinder B and through the pressure reducing valve to the — satisfactorily in a hydraulic press application where high 
ind end of cylinder A. Cylinder B operates under full pressure is needed for the down stroke of the ram, while 
pressure as determined by the relief valve. The a lower pressure will suffice for the upstroke. Often in 
speed of the piston of this cylinder is regulated by the such presses, the standby period, during which the ram 
flow control valve. The piston of cylinder A extends is in the elevated position, is much longer than the actual 
inder the hydraulic pressure established by the setting up pressing interval. If high pressure were used to elevate 


y 
Ly 
i 


Hump 
} imi 


of the pressure reducing valve. For r« urn of both pistons, the die, the pump would be laboring against this pressure 
the master valve is shifted to position No. 1. Full pump for considerable lengths of time. The oil would tend to 
pressure is admitted to the piston ends of the cylinders for overheat, causing packing failures, excessive leakage and 
rapid return operatior breakdown of the oil. Thus, a low pressure relief valve 


in the elevating circuit is an advantageous choice just from 
TWO PUMP CIRCUIT. The two different operating the standpoint of maintenance 


pressures required in the hydraulic circuit, Fig. 3, are As an alternative a three position, open center master 
ipplied by separate pumps. A double end electric motor valve might be selected to vent the pump during standby 
Irives the high pressure and low pressure hydraulic pumps. But if the die is heavy, the weight may cause the ram to 
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vii 6 Accumulator and pressure relief valve circuit. The accumu 7 [wo pressures, two flow rates in e syste \ 
wit a lator acts as a storage tank for oil under pressure, per s cycle, oil from both pumps moves the pistons t to the 
iii mitting intermittent pump operation. Pressure to test pieces or work. Then, as the pressure builds up, the low pressure 
5 Ost e , 
cylinders are determined by setting of the pressure relief valves is vented automatically and the pressure from the high pressure 
Limit switch on accumulator ram controls pump motor pump builds up to the full relief valve setting 
ii i 
inm H IHLHEEEEEEEEEEEEEEEELEEEEEEEEEEEEELEEEEEEEELEELEELEEEEELELELEELEELE LEE ELE ELLE ELLE E ELE EG ELE ELLE E E ELLE E E HG HL EG E HG E GEL EHEG EHE EHE EEG EL E EL EN E FN Hn In n 
iS OI : a 
drift downward. In addition, the third valve position a cam on the press ram or by a motor di 
our would complicate the control of the machine for the that establishes a program of pressur | 
e ol Operator In the circuit shown, a two position, four-way that the cam Operated re f valve otter y po 
sure master valve is employed. The low pressure relief valve is for remote operation and flexible Hy 
"lin set so there is just enough pressure to keep the ram and die to remote cylinders can be kept short 
yw in the raised position during the dwell period. Since the For operations, the master valve is moved to positi 
vers pressure drop through the relief valve is thereby kept at using oil to flow from the power un o 
a minimum, heating of the oil is proportionately low relief valve to the blind end of the hyd 
the d } 
Referring to Fig. 4, when the master valve is shifted l'he low pressure oil starts th jn its outstrok X 
to position No. 1, oil flows from the power unit througi ram encounters the .work 
ikes the high pressure relief valve to the blind end of th ndle of the four-way, tl positior 
ork pressing cylinder. Ram and die are forced against th piston rod of the ira 
rms work. For elevation of the ram, the master valve is placed un on this rod torces tl f va vn. |] 
Ligh in the No. 2 position, allowing oil to tlow to the piston uses the pressure to | 
hile end of the cylinder through the low pressure relief valve vdraulic cylinder 
| de he cam can be stopped in any desired į y mx 
ram CAM OPERATED RELIEF VALVE. The system of ng the handle of the air valve to the third ; Y 
ial Fig. 5 uses a cam-operated relief valve to provide con the operation is completed, the har ot 
vate tinuously adjustable pressure in one line. The setting of valve and the master valve are shif 
are the relief valve is changed by means of an airdraulic cyl ram and the cam retract to the 
; d 1 x t 
| to inder, which is an air powered cylinder with a closed 
d ircuit hydraulic dashpot for accurate positioning. The ACCUMULATOR CIRCUIT. Th t z 
ilve piston rod of the airdraulic cylinder carries a cam, which weight accumulator and four pressure reduci 
om engages a roller on the relief valve stem. When this cam give several pressures in a sing 
is at its outermost position, pressure in the line is at a acts as k fo WI! 
ster maximum. ram ol iroj ) an ¢ 
le While in this application the relief valve is pneu trical contact is made, turning on the power unit. l] 
| to matically set, other means of actuation are often used iccumulator is pumped up until the weig t the ti 
For example, the valve can be adjusted mechanically by of its strok At this point t 
952 i d 
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supplied to system by separate pumps. The 
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nade and | 


the power unit operate 


ower unit is shut off. On this type of circuit, 


s intermittently. 


In the system depicted in Fig. 6, four cylinders are to 
| E ) 
tested at four different pressures Ihe operator starts 


the power unit, filling the accumulator. The check valve 
prevents the accumulator from draining through the pump 





when the power unit is idle. A control valve is installed 
in each of the hydraulic lines leading to the four cyl- 
inders. These valves are of the three-way type, with inlets 
blocked in the No. 1 position 

Ihe test pressures desired are set by the four reducing 
alve Ihe cylinders put under pressure when the 
operator shifts the three way valves to their No. 2 posi 
tions. The pres on the cylinders can be checked on 
ndividual gages. At the end of the test, the handles of 
the control es are returned to the No. 1 positions, 
locking the inlets and relieving pressure on the cylinders 


TWO PRESSURES, TWO FLOW RATES. 
iit makes use of a high pressur 
low pressure 


This cir- 
low volume pump, a 
relief. valve ^ an 
hange of hy 


high vol ie pump, a 
inloading valve to | rovide an a 


itoómatKk 


draulic pressure in a system. Such a circuit is used to 
idvantage on presses where a large volume of oil at low 
pressure is needed to move the ram against the work 
After positioning of the ram, the pressing operation calls 


for a higher pressure, but at a considerably reduced rate 


of flow. With the arrangement shown in Fig. fast 
approach speeds can be obtained from a power unit 


190 




























Electrically controlled system. High and low pressures are 
pressure 
switches and timing relays control the changes-over from low 
to high pressure during each operating cycle. A pressure of 500 









psi is required to advance the piston, while the pressure nee 


multiple circuit systems like this one, two smaller unit: 
often more easily installed and serviced than a single large pu 


TISEETTTTETEEETEEEEETEEELEEEETEEEEEEEEEEEELEEEEEEEELELTEEEEEEEEEEEELEEEELEEEEEETEELLE TELLE ET LTTLEL LET TEETTEEETHEEELE I TTE 


having a drive motor of comparatively low rating. Heat 
ing of oil is also less than would occur with a single hig! 
pressure pump. 

When the operator shifts the handle of the maste: 
control valve to the No. 2 position, oil flows from th: 
low pressure pump through the unloading and check valves 
to the cylinders. At the same time, the high pressure pum] 
also supplies oil to the cylinders. When the pistons en 
counter the work, pressure in the high pressure low volume 
pump begins to build up to the relief valve setting. The 
check valve prevents the high pressure oil from flowing 
to the low pressure pump 

The unloading valve is a hydraulically operated, thre 
way valve. When the line pressure rises to a certain point 
this valve is shifted automatically, venting the low pres 
sure pump. In effect, the low pressure pump is a booster 
unit that — large volumes of oil to take up the 
space created by moving piston. The more expensive hig] 
pressure pump need not supply oil for the entire opera 


tion 


TWO PUMPS, ELECTRICAL CONTROL. In Fig. 8 
is Shown a schematic drawing of the arrangement of a bank 
of hydraulic cylinders in a molding machine. A pressur 
of 500 psi is used to advance the pistons, while the pres 
sure required for the molding operation is 2,000 psi, ap- 
proximately. These pressures are supplied by separat: 
pumps, driven by à common electric motor. The admis 
sion of the two pressures to the cylinders is controlled 
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for the molding operation is 2,000 psi approximately. In larg 
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' nec Two pumps, manual control. Individual pumps 1 Air-operated hydraulic intensifier. At the stage in the cycle shows 
n lar * supply the high and low pressures required to s above, the build up of air pressure has opened the pressure operate 
nits operate the piston of a press. Two four-way valves in air valve and shifted the air operated hydraulic valve The intensifies 
e pu series control the movement of the piston and the begins to raise the pressure on the forming cylinders. One use for such a 
pressure on the cylinder. system is in a plant equipped with a central air system 
Iu eSI EEHEEEHHEEEEHEHEEEEEHEEEEEEEEELEEEEEELEEEEEEELEELEEEELEEEEEEEEEELEEEEELEEEEELEEEEEEEEELEEEELLEEEEEEEEEELEEEEEELEEEELEEEEELEEE LEE ELLE ELE LEE LEE EE ELE LE E LL 
eal electrically. Operation of each of the four systems is the handle of the lo V i Nk 
identical. the lower pressure pump and allowing 
When a start button is depressed momentarily, coil A to act on the piston. The piston is retracted under low 
ster of the corresponding four way, solenoid operated valve pressure when both valves are returned to their Ni 
the is energized. Action of this valve causes the four way position. Fu mentally, cost is 
ves pilot operated valve to be shifted hydraulically, admitting oil should b d at low pi 
m| low pressure oil to the blind end of the cylinder. When 
en the piston is fully advanced, the pressure builds up suf- AIR-OPERATED HYDRAULIC INTENSIFIER. The 
me ficiently for the pressure switch to close. This energizes circuit in Fig. 10 makes use of air to supply oil at tw 
Fhe the timing relay and coil B of the two way, solenoid different pressures to a | ink of hydraul vlind A 
ing operated valve. Action of this valve admits oil at 2,000 — is the control medium, also 
psi to the cylinder for the molding process At the start of the operation, the four-way 
re After pre-set time period has elapsed, the timing relay is shifted, allowing air to flow to tl pper oil tank. A 
Int contacts close the circuit to coil B of valve No. 1. The pressure forces oil through the air oj | 
res valve reverses, as does valve No. 2 and oil is admitted valve, through the lower end of the intensifier and « 
ter to the piston end of the cylinder. The instantaneous pres- to the bank of forming cylinders. W] 
the sure drop in the line allows the pressure switch to open. these cylinders encounter resistan 
igl Then, the two-way valve cuts off the high pressure and ip in the line, causing the pr re opera 
ra the pistons retract under 500 psi oil. With electrical con to open. Then, air flows to the up} 
trol, flexibilty of operation is high. and to the pilot connection of 
valve. Action of the latter bl 
& TWO PUMPS, MANUAL CONTROL. This system and the intensifier. At 
ink Fig. 9, employs a power unit with two pumps, one for the intensifier piston downw 
ur high pressure and one for low pressure. Control is by acting on the bank of cylinder 
"eS means of two four way, hand operated master valves After the operation is com] 
ap- With the handles of the lower valve in posit ion No. 1, air control valve is shifted agai 
‘ate the upper valve is shifted to position No. 2, — low end of the intensifier and to t! ver oil tank. I 
is pressure oil to the closed end of the cylinder. The piston fier piston returns to its orig 
led moves out to contact the work. Then, the de moves pistons are withdrawn al 
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experiments 


NUCLEAR 
been designed by North 
tion for the Atomi 


gy Commission 


REACTOR has 


1 11 : 
tool which will used to ex- 


arge will op 


to rise dangerously 
t stroy itself 


it has a negative temperature 
eficient of the tempera 
ture inside the 
production decreases 

There are, two types of 


ments possible with the reactor 


Artist's conception charge will operate the unit for 10 years without refueling. 


Low Cost Nuclear Reactor Designed 
To Study Non-Military Atom Uses 


the “in pile” type which uses the neu 
tron flow inside the reactor, and the 
type in which a neutron beam is led 
through a port in the shield and used 


to irradiate objects outside the reac- 


tor 


In addition to experimental work 
and production of “tagged atoms” for 
industrial and university research, the 
reactor can be used for experiments 
on reactor development, and for train- 
ing of scientific and engineering per- 
sonnel in operation and use of a re 
actor 

Physically the reactor is octagonal 
in shape. It stands 11 feet high, is 19 
feet wide and weighs approximately 
150 tons. Its core consists of graphite 
and enriched uranium sealed in an 
aluminum tank. This is surrounded by 
reflector graphite. On top and bottom 
of the reflector and on the side of six 
of the eight surfaces of the octagon 
are several feet of concrete to shield 
operating personnel from radiation 
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chain reaction 1n an atomic furnace ap 


ENERGY will be extended pictures the laboratory in operation. A single uranium fuel 
laboratory. 


The reflector graphite is continued, be 
yond a bismuth shield which stops 
zamma rays but not neutrons, to the 
other two reactor faces. A removable 
cadmium and lead shield at these latter 
faces provide access to thermal, or 
slow" neutrons diffusing through the 
graphite. This arrangement is called 
a ‘thermal column’. The shield at the 
top of the core is also removable, so 
that the core may be removed and re 
placed with the aid of an overhead 
crane, 

The reactor operator sits at a con 
sole desk in the control room overlook 
ing the main floor. From this point 
he may observe the experiments in 
progress. He can hold the reactor 
power within design limits by chang 
ing the setting of the neutron ab- 
sorbing control rods of cadmium 
which can be moved in and out of 
the core. 

Because the power produced by a 
t 
pears as heat in the fuel and its sur 
roundings, it is necessary that the re 
actor be cooled. This is accomplished 
by passing heavy water through a 
closed cooling along which the 


ica I5 removed 
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Dilastrain Method Speeds Research 


By Cutting Endurance Limit Test Time 


RAPID AND ACCURATE METHOD for of an inch thick The central two 
ermining the endurance limit of hes are machined down to a di 
tals and plasti s, used for moving uneter of about two-tenths of an inch 
hanical parts such as turbine blades, and then the bars, eight in number 
ratt propellors drive shatts and the ire stresse l in à definite range 
K€ has been devised at Rensselaer his range is determined by first 
'olvtechnic Institute. This new devel finding the yield point or elastic limit 
ment, called the R/S Dilastrain of the material. If the yield point 
Method, will speed the search for of a metal, for example is 50.000 
w alloys and materials by sharply pounds per square inch, the eight test 
lucing testing tin irs are stressed from 60.000 pounds 


The Dilastrain Method is base l on per square inch down to 25.000 


I ie fact that identical samples from a pounds per square inch, at 5,000 

i È ALL i ‘ t € I I i 
t . 1 è g ni Al rhe r then 
| od of steel or other material, when pound intervals. All eight are then 
ited under exact controls to th subjected to 100.000 cycles of vibra 

HOT mat t mMm le 

ume temperat Ire. possess rates of lin on to put them on an even level of 
expansion which vary with the fatigue An underwater jig is then 
nount of stress to which each test ised to slice off the ends of each bar 


ind leave the central section in the 
i — shape of a small spool, with a two 


1 


inch long shaft and a small head on 
ach end 


\ Ihe prepared specimens are placed 


in a bank of eight Dilastrain mu 


Each has a quartz tube 20 inches 


SHARP DIP in this curve accurately lo 


cates the endurance limit. 


prece has bcen previously subjected 


Ihe apparatus measures such linear 


expansion to an extremely s nsitive 


legree. By plotting these measure- 


ments against the varying stresses of 

the test bars they can accurately de 

termine just where the endurance limit 

I occurs in the particular material 

! Only two hours is require 1 for the 
test itself, and if time for preparing 


| S 


for testing is included, a 


the material 
omplete test may be finished within 
ten hours. This compares with months 
ind sometimes as mu h aS a vear, re 


juired under present methods for ac- 
curately determining the endurance 
limit of an alloy 


} 


As it is present! being demon 
trated in the Rensselaer Laboratory, 


he device uses small test pieces wht h 


ire fashioned from istomary test DILASTRAIN MULTIPLIERS measure 


Propuct ENGINEERING — January, 1952 


rates of 


linear 


l expansion 
É ai 
ars, six inches long and three-eighths have been previously stressed as temperature is increased to 212 deg 


I 










































TECHNICAL NEWS 








107 TOWERS and stations like this speed television broadcasts HORN SHAPED ANTENNA contains a unique lens for focus- 
across the country. 3000 mile journey requires 1/50 second. ing microwaves, just as an optical lens focuses light waves. 
Tower Network Speeds TV From Coast to Coast 


HEART OF THE NEW COAST-TO-COAST beam. Composed of strips of metal by a filtering system. The microwaves 
TELEVISION SYSTEM built by the Bell imbedded in a special pattern in blocks are carried from the antenna by hol- 

























lclephone System is the longest chain — of plastic foam—these lens are placed low rectangular pipes called wave 
f radio-relay stations in the world. A in front of the one-ton antenna. Be- guides. Inside the guides are assem- 
ring of 107 towers are spread over cause of the efficiency of the lens, less blies of metal rods and disks which do — 
1¢ 3,000 mile route at intervals ,of than one watt of electricity is required the actual filtering. As the six incom- 
out 28 mil to bridge the gap between towers. At ing channels pass through the wave 
Television programs are converted the neighboring station, the micro- guide, the first filter directs one chan- 
ito micro-waves which are shot wave beam is captured by another lens- nel into an amplifier and allows the re- 
hrough space to the next tower along type antenna, amplified and relayed maining five channels to pass. The 

the route by a highly directional horn onward second filter directs a second channel 
aped antenna This antenna con The network is capable of transmit- and so on until each channel has been 
n nique lens which concen- ting six channels at one time. These routed to an amplifier. The system will 

radio energy int narrow hannels are separated at each station also carry telephone calls 





Permanent Scientific Teams was outlined in a report, Science and efforts of the Department should be 


i > ; ° Foreign Relations”, prepared last year directed.” 
for Foreign Countries ; 





by Dr. Lloyd V. Berkner, former scien- The report stated that there is a 
tist on the staff of the Carnegie Insti- three to five year lag in the flow of 
A PROGRAM to bring scientific and tution of Washington and now Pres- information to this country from some 
hnological matters to bear on for ident of the Associated Universities, science areas. This is mainly because 
yn policy has been set up in the State In publication of research results takes 
Department. High-ranking scientists The Berkner report pointed out that time. This gap, will be closed by cur- 
have been assigned in the Washington the Department must be responsive rent reports on scientific and technolog- 
Office of the Department and at key to the general requirements of private ical developments in foreign countries. 
foreign posts to carry out this program. as well as government agencies” in As to dissemination of scientific and E: 
An important characteristic of this the matter of the collection abroad of technical information in this country, À 
program consists of reporting on scien scientific and technological informa- the Berkner report felt that the mech- gl 
tific and technological developments tion. It went on to observe that there anisms were not satisfactory. The re- [ 
abroad, such reporting to arise from is already an enormous international port observed that the State Depart. 
our scientists meeting foreig ien flow of such information but that ment does not bear responsibilities for 
tists, engineers and research men and there are serious gaps and irregulari- dissemination of scientific information IN 
hanging un 1 information ties in this flow, and it is to the re- beyond the Government, but it went | 


1 

i 

"T1 1 

The proposal 
I I 


for such a program moval of these deficiencies that the on to suggest that “it is in the United 
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interest that such information 
placed in the hands of the user by 
most expeditious and effective 
ins," Toward this end, the report 
inued, the Department "should 
aborate closely with the efforts of 
National Research Council and 
national libraries in the develop 
for public dissemination of for 
scientific information. 
Ihe Department has begun to staff 
overseas science offices. Scientists 
overseas science staffs rank as at 
hes with diplomatic status, and are 
pointed as officers in the Foreign 
rvice Reserve for periods ranging 
m fifteen months to three years 


Glass Paper Solves Filter 
and Electrical Problems 


PER COMPOSED entirely of glass 
rs, with no additive, has been made 
the first time at the National Bu- 
iu of Standards in cooperation with 
Naval Research Laboratory. The 
w material, commercially available 
glass fibers, was mixed with water 
| formed into continuous sheets on 
semi-commercial papermaking ma 
ne in the NBS experimental paper 
Il. Glass paper was considered an 
possibility until now. 


I f t } X € 
he all-glass paper has several 


portant applications. As an aiur-filter ! 
paper, if is many times more effective 
than present commercial filters It - 


seems particularly valuable for gas 
masks and respirators used by firefight 
ers, industrial and medical workers 
and military personnel. In gas-mask 
tests in a smoke-filled room, only on« 
smoke particle in 
through the glass paper filter 

Until now, many air filters have rc 
lied considerably on imported raw ma 
terials 


100,000 passed 


Glass, however, can be pro 
duced from raw materials found abun 
dantly in the United States 

Another important advantage of the 





NON-METAL MOTOR reduces wei 





all-glass paper is its high resistance to and size with plastic structural parts 

effects of heat, moisture, chemicals and 

micro-organisms. It has excellent ele a 

trical characteristics and should | T T 

valuable as an insulator and dielectri une 

it can be used to make oil-impregnated ame nn we eT 22 P : 

paper capacitors capable of operation I d E v A s or TS MK) 

even at temperatures above 200 ¢ 2: ‘edd -] di rem "E Ó d 
caj IS nold 1 inte£ V W 

First Plastic Molded Motor housing, while th her, scj 
molded. carries the brus T ea 

A MOTOR, utilizing a plastic as its ing and holes for as ly. Each part 

sole structural material has been mold- has a d pressed w nto which tl 

ed by Rexford Plastics for the El Ray shaft bearings are press fitted. TI 

Motor Company. Metal is used only in molded plastic, th | 

the electrical and magnetic circuits, in ously houses t motor, support 

the shaft and for all assembly screws shaft and insulates tl trical 

rhe 1/100 hp, 19,000 rpm, 28 volt d ponents preventing | 








Chrysler K-310 Experimental Dream Car 


EXPERIMENTAL K-310 SPORTS SEDAN 
vas styled by Chrysler Corporation en 
gineers in the United States and built 
n Turin, Italy, by Carrozzeria Ghia, a 
iding Italian body maker. Built as an 
perimental companion to Chrysler's 
N-310 engine developing 310 horse 
power on premium gasoline, the K-310 
r represents an American engineering 
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idea of the sports car. Characteristically | directional and tail light | 
continental in design, it has low sweep- specially balanced fixture for lifting 
ing lines, a low flat hood and large the spare tire from the | | 
wire whecls nter front 

Only 50 inches high and with ful 
head room, the sports car is built. ot Other f 
a 125! inch wheelbase and is 220! iti i l vind 
inches in overall length. Its features in fts, power steering | 
clude adjustable steering wheel, elevat. — scat adjusting mechan 


TECHNICAL NEWS 


i 


RIVER OF TWO-PLACE JET TRAINERS, used to teach mod- 
ern techniques to U. S. Air Force and Navy pilots as well as 
airmen of several foreign countries, winds through trainer final 
assembly building at Lockheed Aircraft Corporation. Jet trainers 


ordered by U. S. services have been in production more than 


BLAZING TORCHES slash into outmoded machinery in former 
powerhouse of Chrysler Corporation’s Dodge Main Plant in 
Detroit to bolster vital U. S. defense supplies of scrap metal 
The 41-year-old landmark, now replaced by newer powerhouse 
with larger capacity, will add more than 1,600,000 pounds of 


iron and steel to scrap bins when completely dismantled. 


96 


three years. They are going abroad to France, Greece, Canada, 
Turkey, Portugal and other areas yet to be announced. Produc- 
tion figures on the T-33's are a military secret as they transform 
fledgling airmen into jet pilots trained to the highspeed tempo 
of modern wa 


SEATED IN A CHAIR a dozen feet away, an operator manipu- 
lates a set of mechanical hands which are applying lipstick to 
the lips of the girl at the extreme right. In normal use, these 
mechanical hands enable workers on atomic energy projects at 
Oak Ridge, to handle radioisotopes at a safe distance. The 
device is part of a traveling exhibit from an Oak Ridge Museum. 
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TWO STORY CONCRETE STRUCTURE being added to the 
Harbor Island Station of International Nickel Company's Kure 
Beach Project will house machine and carpenter shops, a marine 
museum, and a meeting room. A full size boiler plant, salt 
water evaporator and distillation unit will be installed in the 


WET BLASTING EQUIPMENT used by Pratt and Whitney to 
remove hard, tough coatings of lead sulphate and lead oxide 
formed on experimental jet engine parts. This coating formed 
at extremely high temperatures must be completely removed 
prior to the parts inspection under “black light.” The unit was 
designed and custom-built by the Cro-Plate Company. 


r9 
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present laboratory to study the effects of water treatment and ^ 


design on corrosion and scaling of such units as used aboard 


ships. In the 16 years of its existence, the Harbor Island projec 
has tested more than 20,00 specimens in sea water, 25,000 in sea 


atmosphere, and a somewhat smaller number in sea spra 


FIRST RUBBER TANK TRACKS are rolling off the 
tion lines at the B. F. Goodrich Company's new track division 
First shipment of tracks for the M-24 light tank have been sent 
to the ordnance depot for overseas destination. Patton, Sherman 
and Pershing tanks and high speed cargo carriers and gun 


motor carriages, will also get rubber tracks in the near future 


produc 


197 











DRILLING APPARATUS CLOSE UP 


shows electrode (in 
work) vibrating apparatus and pivot bar. Tube connected to 
electrode carries cooling fluid into work piece. Electrode shaped 
to the desired radius rotates in the plane of the pivot bar. 


SMOKE FROM HEATED COOLING FLUID curls upward 
during actual drilling operation even though drilling speeds 
are slow—in the neighborhood of three-quarters of an incl 
per houe. Spring reduces force electrode exerts on work piece 


New Drilling Technique Produces Curved Holes 


A TECHNIQUE FOR DRILLING HOLES 
of any shape along a circular path has 
been developed by George A. Kemeny 
at the Research Laboratories of the 
Westinghouse Electric Corporation. 
This electric arc method was developed 


rd 


in order to ti 


| la hn rmocouple Junc- 
a casting at a location in 
uccessible by a single 

A disintegrating machine, the 
Thomas Metal Master, equipped with 
a specially adopted drilling rig sup 
plied the electrical circuit and the cool 
ng fluid. The metal master drills 
straight holes with an electric arc and 
the subsequent quenching of the mol- 


tions in side 
straight hole. 


ten metal by a cooling fluid passed 
thro igh the center of the hole drilling 
electrode. The arc at the electrode tip 
is produced by vibrating the electrode. 

In order to drill holes with a curved 
path, the electrode shaped to the 
radius desired. Then a fixture to hold 
the electrode was designed so that the 
electrode vibrated along the path of its 


The vibrating mechanism consisted 
of a coil and a brass tube with a steel 
anvil that slides easily placed ins le the 
anvil. When the coil is momentarily 
energized, the anvil is accelerated 
towards the top end of the brass tul 
and strikes thi end with sufficient 
force to move the entire assembly 
mounted on the pivot bar sufficient 
distan e to break contact at the ele 
trode. The anvil then returns to it 
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downward position allowing the as- 
sembly to move downward and making 
contact again. 

During the drilling operation, the 
amplitude of vibration and force avail- 
able for breaking contact is varied to 
suit the particular operation by chang- 
ing the voltage impressed on the coil. 
On occasion, the electrode spot welds 
itself to the work piece, and this 
method is used to increase the separa- 
tion force and set the electrode free. 
The frequency of vibration is con- 
trolled by a geared variable speed 





mmnmmnm 
aeh 


lis 


motor with a cam to actuate a micro 
SW itch. 

Drilling speed is slow with an aver 
age rate of ł inch per hour. The shape 
of the hole depends on the shape oí 
the electrode. Different shapes can be 
obtained by substituting the desired 
shaped electrode for the circular ele 
—— Inspetion of completed holes 
revealed that the hole size varied from 
about 0.093 in. near the entrance to 
0.078 near the end. This tapering is 
apparently unavoidable in any hok 
drilled by the disintegration method 


CURVED HOLE is seen in detail by milling one side of the work piece. Hole size de- 
creases as drilling continues deeper—a phenomenon unavoidable in any hole drilled 


by this method 
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Ceramic Coatings Reach 
Volume Reduction Stage 


ONE OF THE FIRST VOLUME ORDERS 
for ceramic coated metal parts that 
nust withstand high operating tem 
peratures has been obtained by Ryan 
Aeronautical Company. Ryan will pro- 
duce approximately 600 ‘exhaust sys 
tems for Pratt & Whitney Aircraft 
engines which will be used on Convair 
Models 240 and 340 transports. 
The U.S. Bureau of Standards for 
several years has been trying to find 
a satisfactory frit for high temperature 
application and tested about 600 dur- 
ing this research. About two years ago 
1 it came up with a Bureau of Standards 
formula No. A-417 for high tempera- 
ture application. This A-417 formula 
is available to anyone. Ryan's slip 
(Ryan's No. 331) is made from the 
formula. Raw material in frit 331:38 


P parts by weight flint or silicon dioxide, 
d 56.53 parts by weight barium carbo 
ls nated 11.5 boric acid. 7.14 calcium 
h carbonate 2.5 beryllium oxide, 5.0 zinc 
€ oxide, for total 120.77 parts. This 


frit is then melted, shattered, ground 
to powder, and this formula aa for 
making one gallon of slip: 700 grams 
of water. The whole is milled to fine 
consistency, screened and dipped on 
In 1943 Ryan did considerable re- 
search in ceramics coating of mild 


I steel for use in airplane exhaust sys 
: tems. Out of that came World War 
" II production of 500 exhaust systems 
: for A-26 Douglas planes. At that time 
- the goal was to substitute mild steel 

for stainless steel which then was in 
à short supply. This was adequate on 
engines of 1,000 to 1,500 hp. Now 
E however, with engines in excess of 
. 3,000 hp it became necessary to process 


stainless steel to withstand the high 
temperature. The California Enamel- 
ing Co. of Los Angeles fires the 
for Ryan at present 


parts 


t 


NBS Develops Tape 
“Memory” For — 


MAGNETIC TAPE, used as a recording 
medium, extends the i »lem-solv- 
ing capacity of SEAC, the National 
Bureau of Standards Eastern Automatic 
computor by supplying a computor- 
controlled external auxiliary mem- 
ory’. The new magnetic tape memory 
unit combines high speed starting, 
stopping, and reversing with notable 
mechanical simplicity. Two of the units 
are now in routine operation with 
SEAC, and plans call for adding two 
more 

In the new system, the magnetic 
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ape rests on two s oth-surfaced roll [HE M I à I 
rs Í rotate oO nuously LOCOM( | 
Oppostl I ons Between thes world 
two rollers the tape pa kronal z the H i Co. I 
magnetic heads for recording, pick Ip of England, f a i 
and erasing. When either of two con KOMOLIN I ; | “ 
trol solenoids is energized, a low-ine: wl A 
tla rubber-covered roller presses the load ot | tons 1 tract 
tape against one of the smooth rollers ettort 
This quickly starts the tape moving in gearbox 
the desired direction. Tape inertia is | 
kept low by letting each end fall in á 
loose folds into a tank or bin. Each 
tank consists or two plates of gla Li I 
spaced a little more than the width of qn 
the tape eain t 
à opera o o 
Ihe speed and simplicity of th d Rind me 
NBS system result from the successí Paten i 
elimination of reels and servomecha- ~ "Wa a 
nisms. Only two small masses need to ,... on . Z 
be accelerated in starting the tape, the hich h : | WI 
vall l sb at tan ’ : 
small jam roller and a few feet of tape 4 high vacuum has Ex i 
hanging into the tank a s da ixl 
Several problems had to be solved not 2m latine 1 D 
to develop the tape memory mecha complete al á m nf ais ze one 
nism. The tape tends to acquire an the resin thoroughly penetral 
electrostatic charge as it is passing 4 ature windings and a 
through the drive mechanism at high m nat 9 
speeds. he V lar 
The charge causes the tape to cling i 
to the walls of the tank as soon as 
leaves the drive mechanism. If the e 
charge is strong enough, the tape may 
ontinue to stick at the top of the tank NEWEST FORWARD MOVEMENT 
until it backs up into the mechanism naval lighter than air de lopment 
and is damaged by a sharp fold. The the ability to fly bach Ih k 
present solution satisfactory at moder previously reserved for mingbirds 
ate speeds (up to 8 ft per sec)—is t is made possi ZPN Navy 
ionize the air where the tape leaves newest ar worl st blimp 
the drive unit, using strips of alpha- through f ¢ W rig 
emitting polonium. The ideal solutior Zep-Pro| which enable pilots 
would probably be to make the tay shift prop gle in flight with 
base material sufficiently conductive, so stopping engi W] exter 
that a charge could not collect. Experi- wrong-way 
ment indicates that base material hav the ZP N 
ing a resistance of not more than a Lick p 
few megohms per unit square should _ tactics while carrying « 
be satisfactory. missi 
A se ond | mitation on th oj e 
ing speed of de tape is i imposed by 
the need to erase information from the PACKAGING ENGINEI Ar 
tape. The necessary erase frequency in Engineer Res h and De 
creases as the tape speed increases A Laboratories Fort Belvoir Va., 
tape speed of 16 feet per second, for — installing | newly-desigr 
instance, requires an erase frequency juipment which will tc what 
of several hundred kilocycles. Because happened to a packaged it ind it 
of hysteresis losses, ordinary tape heads ishioning material and wrapping 
cannot operate at such high frequen when subjected to shock and ratior 
cies. New heads with powdered iror tests simulating air, rail or truck t | 
magnetic circuits, now being develop his equipmen I] 
for use at much higher frequencies, a rd am] 
should solve this problem Mean of shock and vibrations. It 
while, it is always possible to erase th cord accelerations to 80 G's. Ov 
tape in a separate operation, at less frequency respon y 
than the normal running-speed per second. Or l] 
Flaws in the magnetic coating of is recorded or i 
commercially available tape impose a what wider thar | in operation 
third limitation. Undetectable in ord of conventional tape r lers. Nit 
nary audio work, they can reduce a separate channels ar vailable, with 
curacy by missing a pulse 1 tenth for time-interval marking 
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Dow Corning 
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generation ago. For example DOW CORNING. SILICONE EXPOSITION 
x now scheduled for = 
è Silicone (Class H) electrical insulation makes motors á CLEVELAND s 
and other kinds of electrical equipment last 10 times Wl ^ ry > . DETROIT ° 
as long as they ever did before. "n ! ° PHILADELPHIA . 
| | - NEW YORK . | 
* These same insulating materials are used to . in x i 
i | ' U ° ! 
double the power per pound ratio in electric machines. f : CHICAGO 4 
is e WICHIT e 
* Silastic,* the Dow Corning silicone rubber is used to seal I MES Vom 
hot air at 600°F., hot oil at 350-400°F., limit switches and ° LOS ANGELES . 
bomb bay doors at — 100*F. D ^ wv ° I 
* Dow Corning Silicone oils and greases | y WE s di | 
make permanent lubrication a practical reality. T ° s | 
To many engineer Ind exe tive ‘ n ne facts " : d 
e y i e $64 ° $ 
A ; . t What's a x : 
r ] ic ) poundcs oi . Silicone?” Address De- . © 
to . partment R-13 " E 
. e : 
m e  DOWCORNING  * i : 
ve . CORPORATION e 1 
j r d o Midland, Michigan ° 
. 
ATLANTA " a 
( t € vE . - 
; CHICAGO * "929 929 9*9? 9*9 * 9? e 
private showing major austria 
CLEVELAND 
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DALLAS D 
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DOW CORNING CORPORATION 


NEW YORK 


MIDLAND, MICHIGAN 


WASHINGTON, D. C. 
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În CANADA: Fiberglas Canada, Ltd., Toronto © In GREAT BRITAIN: Midland Silicones, Ltd., London 
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Design Charts for a Five-Bar Linkage 


D. C. TAO and A. S. HALL, Purdue University 


Purpose of these charts, as well as the details of construction, and 
an example of their application is given on page 175 of this issue. 


45 30 135 80 225 27 315 360 


— — 





. AL. INS IE WD AL LL ED S E EL EL EL SED MER DEL DEL 
2 Aqu 





Oo 45 30 135 i80 225 270 zje 1Cí 


4 Phase angle 6, degrees 


į ( continued on pg. 203) 
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@ Many of America’s leading manufacturers, 


producing a wide variety of products, are 
benefiting from Auto-Lite die cast research, 
experience and advancement. Such devel. 
opments as high pressure casting, special 
alloying practices and improved quality 
through the "controlled metals process'' 
make Auto-Lite the logical source of supply 
for precision die castings. Address 
inquiries to 
THE ELECTRIC AUTO-LITE COMPANY 
Die Casting Division 
Woodstock, Illinois 
Lockland Division, Cincinnati 15, Ohio 


CBS Television Tues 


DIE CASTINGS è WIRE & CABLE e 
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vou are starting from scratch... 


Are you ready to put a new or redesigned product on the drawing board — perhaps 
with the idea that you will start production when materials are more plentiful? 


YOUR needs come first 












When you decide it's ''time to design, '' our ex- 


periencec engineers would like to demonstrate Because Armco produces special-purpose sheet 
the advantages of modern sheet steels. You'll steels, our research men and mill technicians 
find them different — much different than those are alert to the needs of fabricators for better- 
available to manufacturers a decade ago. looking and longer-lasting products. 


wide variety of steels 





This has resulted in a new "wardrobe" of coat- These special steels and durable stainless steels 
ings for many Armco sheet steels. Sheets coated help underscore the advantages of sheet steels 


with aluminum, special zinc coatings and spe- —their strength, resistance to impact, shock, 
cial Bonderized surface treatments are a few. abrasion and corrosion, and heat resistance. 

Besides coated steels, solid Armco Stainless For data on Armco Special-Purpose Sheet 
Steels are produced in a wide variety of grades Steels, see our insert in Sweet's Catalog for 
and forms. Armco Enameling lron is another. Product Designers. Or write us for a copy. 


1122 Curtis Street, Middletown, Ohio © Plants and sales offices from coast to coast 


ARMCO STEEL CORPORATION WERE 


Export: The Armco International Corporation 
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Design Charts for a Five-Bar Linkage (continued) 
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Hydraulic Power Unit 
In a Package 


A compact high pressure triplex pump has recently been 
introduced for use as a heavy-duty packaged hydraulic 
power generator for all types of hydraulic power systems 
The unit is available in 15 hp, 30 hp, and 50 hp sizes with 
pressure ratings up to 5,000 psi and displa ement ratings 
ip to 60 gpm. Special 10,000 psi and 20,000 psi heads 
ire available 

The triplex is a three cylinder, vertical type, single act 
ing reciprocating pump which operates much the same as 
in automotive type engine, except that the pistons arc 
intaking and discharging fluid with the power supplied 
by a prime mover through the triplex crankshaft. In one 
evolution of the pump, each of the three pistons will 
intake and displace fluid from its cylinder. The amount 
of fluid displaced in one revolution depends on the size 
of the displacement plungers 

To permit a wide selection range of output volumes and 
Operating pressures within the rated hp output of the 
triplexes, several different sizes of removable displacement 
plungers and liners are provided for each size pump. The 
liners have the same overall diameter but contain various 
ized displacement plungers. With this arrangement it is 
possible to vary the pressure-volume output relationship. 


Decreasing the plunger size raises the maximum allowable 


output pressure, and lowers the maximum allowable output 
volume See operating chart below for specifications. 

Features of the triplex pump include integral gears, 

ülable in a wide variety of ratios. The unit can be 
obtained with an integral, drip-proof electric motor drive 
which simplifies installation of this pump. Plungers and 
interchangeable, which gives a variety of pressure 
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volume ratings for each unit. Lubrication is of the auto 
motive type. A scavenger pump, located on the forward 
end of the shaft, returns any lubrication leakage to the sys- 
tem under a low pressure. Bearings are ball or roller type 


llons per minute 


Ga 


splacement, 


D 


10 E. Slauson Ave., Huntington Park, Cal: 


GIVEN an operating pressure of 2,750 
psi and a desired output of 225 bbl per 
day, find the plunger size, the pump 
crankshaft speed and the hydraulic hp 
output, 

Referring to the chart: locate the dis- 
placement volume of 225 B/D on the left 
scale and extend a line to the 1 in.— 2,920 
operating pressure line. With vertical line 
downward from this point it will inter- 
sect with 281 on the rpm scale, showing 
the necessary speed for the desired vol- 
ume. A line is extended vertically to the 
top scale from the intersection of the line 
representing 2,750 psi operating pressure. 
This shows a 10.5 hydraulic hp output for 
the given conditions. Maximum  horse- 
power for the size 2 triplex pump is 12.5; 
the maximum pressure is 5,000 psi; the 
maximum crankshaft speed is 350 rpm; 
and the maximum volume is 450 B/D. 
For larger capacities the size 3 triplex 
pump is necessary. 
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Indicator Measures Static and Dynamic Pressures 


A condens LVI en na OI oped i 


wni h IS capaDic OI 


I 


psi, and as low as the force of blood in a human vein. Th 

ndi ator may be used for res | in automotti eng 

fuels, transmissions, hydraul teering chanisms, the 

bration characteristics of aircraft turbine blades at spec ls | ol ved ot 


to 12,000 rpm and at temperatures up to 1.5 F. and other À ty] 
industrial problems | liagram show 


he indicator, as shown in tl lustration, consists of tt f 
pi k-up or transducer that can be screwed into the head 
of an automotive engine; the connecting cable permitting orizontal axis. ( 
remote operation; and an electro: init known as an toward t op. Igi 
oscillator detector may | ippli | to i cathode rav OS illo [ ssu ( 
scope to enable o servation or recording. Shown in th p-5* 

itaway view of the pick-up is a center electrod oun i p | 

in an ele trod body in S ich a manner that it is both i: re fluctuation d 
sulated and supported by means of a cera nsulator. T] f the diagr ind foll 
lower end of this electrode is formed in the shape of 
nverted mushroom which acts as an insulated condenser 


plate. The frame and the diaphragm are machi 
Invar steel to minimize the effect of 
in the diaphragm. Water cooling keeps the t 
of the indicator within range where the low 
fhcient of Invar steel is realiz 
A grounded plate is formed by the bottom į 





ody which is parallel to the insulated plate and 
from it by an air gap three thousandths of 
Pressure appli 1 against the outside surf 

hr iem causes it to | ow, Or defl t, resuiting in 

ff spacing between the pl of nd 

€ the change of ipacity wh 5 ) \ 

illator detector into a voltage for iS al put signal THE FOUR STROKES of a four cycle gasoline engine show the 

for the athodi rav oscillos O} J llustration abov pressure fluctuations in a typical engine indicator nagra 


CONTINUED ON PAGE 208 
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Dynamic Balancer Has Simple Operation 


This universal dynamic balancer is a new machine that 
offers a simple method of putting armatures, rotors, 
pulleys, flywheels, gears, hubs, drums, and other rotating 
parts in true dynamic balan e 

The part to be balanced is placed on the balancer with 
shafts resting on ball-bearing rollers and then rotated to 
determine the position of dynamic unbalance so that the 
orrective weights can be added 

The driving mechanism consists of an arm with a set of 
five V-belts driven by a 5 hp motor. Balanced to stand in 
ip position normally, it is lowered by the operator until the 
belts touch the equipment to be rotated. A starting button 
is pushed and when the desired speed has been reached, 
the arm is raised, Rotation can be stopped almost imme 
liately by lowering the arm and pushing a reverse button. 

While rotating, the shafts are marked with pencil or 

rayon. With the unbalance causing the shaft to rotate 
off center, the markings will appear on one side, thus 
showing where weights should be added 

The balancer is 6 ft in height, requires 54 in. by 96 in. 
of floor space and weighs approximately 1,600 Ib. It is 
capable of balancing equipment up to 48 in. in diameter, 


i 009 Ib, and 80 in. between the verticle standards 


E» 


Miniature High Capacity 


Electronic Counter 


A miniaturized version of the four-tube Electronic 
Counter Decade has been developed which, is 4 smaller 
than the standard counter, and is available in two models 


which differ only in maximum counting capabilities The 


—— —— 


model 12 is designed for counting at rates up to 130,000 
counts per sec, and the model 13 for counting at rates up 
to 30,000 counts per second 

Among the features of the electronic counter decade, 
is the easy-to-read and dependable four-lamp decimal indi- 
cation. Four large quarter-watt neon glow lamps, arranged 
in a 1-2-4-8 decimal coding, make it possible to read the 
counter under high ambient light conditions, wide angles, 
and at a distance where numbers can not be distinguished 
Since each of the four lamps is directly connected to one 
of the four counting stages, the lamps also serve to indicat: 
that the associated stages are functioning correctly; there- 
fore tube failures can be detected and replaced. The counter 
stages are arranged so that the progression of count can 
not skip over a stage in which a tube failure has occurred 

The new miniaturized decades are available with eithe: 
a remote panel-mounted four-lamp readout or with a small 
plug-in neon cluster on the decade frame for applications 
in which the indicators serve only for tube servicing 

The size of the new unit is 6} in. long, 64 in. high, and 
14 in. wide including tubes. The decade is supplied with 
a silver-plated connector, assuring mechanical stability 
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Special Features 
+ which make these relays first 
choice of exacting design engineers 


THE CLARE Type "K" RELAY 


Fest operation—adequate contact pres- 
. sure—high resistance to shock and vibra- 

tion—long life—small size—12” x 1%” 
e N 

ië features as Type “K” but adds CLARE Ri 
sensitivity by use of a slightly longer coil mation on the entire line of CLARE R 

ic gan be safely wound to’ a maximum the most exacting relay requirements. ( 


of 8000 ohms. Sine Wu” x 1719 Wes 
ine Mate 


All relays available in hermetically sealed form 
e f CLARE 


sed in hermet ca v 
teel container 
ction diagram 
permanentiy imprinted on 
the base of the enclosure 


by silk screen proce 


RELAYS 


. First in the Industrial Field 























continu 





Heavy Duty Rotary Vane Type Pump 


[o an existing | ot rotary pumps 
has been added a new heavy duty, vane | 
type rotary pump made in six models \ 
ind eight sizes. Pipe openings range 
from 2 to 12 in. on the suction side, 
and from 2 to 10 in. on the discharg : | 
side ( apacity ranges of these pumps y ( 

re Iron to 1,000 gpm : 

Ih } imps I positiv ad spia ( ` 
ment lidinge var eras ul h yl D va i Í 
) ! in ; P i | 

J "Seren * x A 
1 m , n 


vn large continuous 





pumps are fitted with removable liners 

External earing models enable 
non-lubricating slightly abrasive and corrosive liquids. same as the VRU but without the relie! 
lightly abrasive or corrosive liquids The model VEU is identical with the valve. The model VRHU is identica 
without wing failure at relatively VE, except that it is equipped with an with the VRU except that both suctior 
h heads. Interchangeability of parts integral relief valve. The model VRU and discharge openings are in th 
lifferent models permits stocking of has internal anti-friction bearings and ime horizontal plane Model VRH 
part MI internal repairs can is used for heavy duty service on clean s the same as VRHU but without th 
| tions. liquids. Suction and discharge lines elief valve. The VEI E 


yon 
I 


` 


is showr 

Is of the pum; are at right angles to each other. This 

! , à Tr 1 > 
Ihe model VE has external model is equipped with an integral aed i 


he model VR is th i Heriton, N 








New Actuators For Heavv Dutv Limit Switches 
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A new small synchronous motor of 
been developed without brushes, slip rings, rotatine 
oils, or permanent magnets. The new 
exact synchronous speed; starts and pulls into step at any 
rated frequency; is available with two, four, six, 10 or 12 
poles for single or two-phase operation, and two, four or 
eight poles for three phase; will immediately pull into 
step after transient voltage drop or overload; is reversible 
with either single or polyphase operation, is installed with 
flange or special mountings; has speed ranges up to 40 
to one and frequency range of 10 to 400 cycles 

The motor weighs 23 lb and is available. with open or 
special enclosures. W E used as a signal generator it can 
supply any number of amplifiers It can be used with 
manual setting to automatically maintain any selected spe ed 
for any number of prime movers with absolute stability 
It is adaptable to high torque remote 
systems. 

The ability of the motor to remain in step despite fri 
quency vari: ations makes it available for the following : appli 
cations: driving sequence systems; driving high-speed 
recording instrument charts; driving large electric clocks; 
for basic elements in speed and position control systems: 
for signal generators in speed indicating, recording, and 
ontrol systems. 

Also, it may be used for both generators and motors in 
control systems where speed at the receiving end must equal 
the speed of the seni ling end, or some fixed multiple of it 


the reluctance type 
[ 


motor maintains 


position. control 





High Strength, Two Piece, Structural Fasteners 


Lock Bolts, a new type of high strength, two piece struc 
tural fastener, weigh only 50 percent of an equivalent 
sized bolt and nut when installed. Consisting of a pii 
and a collar, the pin is inserted in the work from one 
ide, and the collar slipped on the pin from the opposite 
de. A special pneumatic tool installs the lock bolt 

The manufacturer states that lock bolts can be installe 
almost twice as rapidly as conventional bolts and nuts, and 
that hole tolerances for an interference fit exceed those of 
AN bolts. This eliminates reaming. Strength values of the 
lock bolts are said to be equal to or greater than same-sized 
bolts 

Or installation, the pneumatic tool engages serrated 
grooves in the shank of the pin. Exerting a pulling action 
on the pin, the tool simultaneously pushes the collar against 
the material, and clamps the material tightly together. The 
tool swages the collar into the pin groove, and breaks th 
pin flush with the collar. The clamping action will pull 
together a gap between sheets of as much as } inch 

Lock bolts are manufactured in two series, aircraft and 
ommercial. Aircraft series lock bolts are made of eithe 
75ST aluminum alloy or heat-treated alloy steel; Com 
mercial series of either 24ST aluminum or mild steel. 
Diameters range from ,%; in. to à in. and grip lengths from 


i¢ 
§ in. to 148 inch. A variety of head styles is available 
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Optical Cam Rise Gage Measures Cam Angles 


The Cam Rise gaging device shown in the illustration 

designed to measure cam contours (both angle and 
ımount of eccentricity) by optical means, and to simplify 
and speed up accurate eccentricity measurements. The 
leviation in a cam surface at any angle of arc, from mini 
mum to maximum radii, can be measured to ten thousandths 
of an inch. Reading is direct at normal eye distance, no 
focusing is necessary and errors inherent in mechanical 
gaging devices are eliminated. Because of its simplicity 
the chances for human error are reduced to a minimum 
And since the optical system cannot be affected by wear, 
acklash, temperature changes, oil film or other factors, 
the system should retain its accuracy indefinitely. It elimi 
nates errors possible in mechanical gaging methods 

For angular measurements the cam rise gage is used with 
| dividing head and tail stock to position the cam. The 
gage consists of a base for positioning and se uring the 
instrument, a screw adjustment for moving the optical 
ystem into contact with the cam surface, a contact bar and 
im follower that are held against the cam by adjustable 
weight tension, a scale, and a microscopx 





scope enlarges these divisions. Each 50 thousandths can 
be divided so that direct readings can be made to 0.0005 
in., and movements of 0.00025 in. can be accurately esti- 
mated. The microscope is illuminated by a 6 volt bulb 





A linear scale, engraved on the contact bar, is graduated t 
from 0 to 3 in. in 50 thousandths of an inch. The micro F. T. Griswold Mfg. ¢ Wayne, Pa 
Multiple Control for Precision Electronic Units | 


A new potentiometer, known as series 42 A, gives 
simultaneous control of from two to twenty circuits. and 
functions with high accuracy. Used mostly in electronic 
computing equipment the unit is now offered in tandem 

emblies 

The potentiometer is encased in a mineral-filled bakelit« 
housing designed to lock together with similar units to 
form a single tandem assembly that is held together by 
metal end-plates and threaded tie rods. The contact arm 
of each unit can be adjusted on the common shaft that 
slips through all the tandem sections, to synchronize with 


reference to the common shaft or with the contact arms 


of other unit Mechanical rotation may be continuous or 
limited. Electrical rotation is 345 deg and can be adjusted 
to within plus or minus 1 degree. This can be increased 


to 359 deg for special requirements. There is no backlash 
or play in any of the tandem units. Also, tracking of all 
units 1S said to he i re l 

Resistance range of cach potentiomcter 1s 100 to 100,000 


lings. Tapered windings are also avail- 
] ; : 
i 





ohms for linear wit 
} i 








sble. Linear controls are rated at 3 watts, while tapered tiometer to the total impressed voltage can be kept within 
ontrols depend on the nature of their taper. Standard 5 5 percent of the theoretically correct value. 

overall resistance tolerance is plus or minus 5 percent , 

The ratio of voltage $t any point on the series 42 A poten- Clarostat Mfg. ( Inc., Dover, New Hampshire 
THE USE OF a new time saving gra- H, 2 H through 9 H. A. W. Faber- which may be used at operating tem 
phite lead drawing instrument using Castell Pencil Co., Newark, N. J peratures of 355 F. It is composed of 
No. 9040 flat, very thin drawing lead 97 percent pure asbestos and 3 percent 
permits the drawing of continuous ONLY 0.003 IN. THICK, a new high- organic material. Irvington Varnish 
straight lines of positive uniformity heat insulation known as Silicone Resin and Insulator Co., 6 Argyle Terrace, 
The lead is available in degrees HB, F oated Novabestos has been developed Irvington 11, N. J 


CONTINUED ON PAGE 216 
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You can design better piping into any product .. . faster .. . when 
you specity from vour Crane Catalog. Here, between two covers, 
you'll find the world's most complete assortment of quality piping 
materials—carefully arranged for convenient selection. And for 
every piping item there's a full listing of recommended services; 
complete design, material, and construction details; plus helpful, 
easy-to-use pressure and temperature rating tables. In addition, 
your Crane Catalog answers general engineering questions con- 
Í nected with designing efficient piping systems 
Specifying Crane gives your product added value, too. Now 
that replacements are harder to get, your customers realize more 
than ever the advantages of dependable, longer-lasting Crane 
Quality equipment on the machinery they buy. 


FOR A BIGGER SELECTION OF BETTER PIPING 
... CHECK THE BROAD CRANE iine 


ANGLE GLOBE 
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Key to better piping design... 
your easy-to-use CRANE Catalog 

































FOR RUGGED, DEPENDABLE 
service on steam, water, oil and 
gas lines—Crane recommends 
150-Pound Brass Gate Valves 
with accurately guided solid 
wedge disc. Tight stem seal as- 
sured by high quality stuffing 
box packing and gland; can be 
repacked under pressure. Rising 
or Non-Rising Stem; screwed or 
flanged ends. Sizes: '/4 to 3-inch 
See your No. 49 Crane Catalog, 
page 17 


36 S. Michisan A ( 3] 
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Reinforced Plastic With High Impact Strength 


Plaskon Type 440 Alkyd, a new high impact glass filled 
thermosetting molding material, is supplied as irregular 
pieces of matted glass fibers combined with resin binders. 
Among its characteristics in molded form are: high impact 
strength; dimensional stability; good electrical properties; 
high heat distortion temperature. The new compound is 
supplied to molders as a complete resin and glass fiber mix- 
ture. It may be preformed, but no pre-heating is necessary 
because of its hs curing properties. Reinforced alkyd 

in be either straight compression, or transfer molded. The 

new alkyd r2aterial will be sold in two forms, Plaskon 
alkyds 445 and 442, with the latter having good flame 
resistance. 

For mechanical properties, the Izod impact strength 
values usually range from 12-24 ft-lb per inch of notch, 
although both lower and higher values are obtainable, 
lepending on molding technique. Using conventional test- 
ing methods, the flexual strength indicates average values 
of 14,000-17,000 Ib per sq inch. Because of the reinforc- 
ing glass fibers, residual strength is still present after the 
nitial cracking. Nominal compressive strength values of 

0,000 to 25,000 Ib per sq in. have been obtained. The 
modulus of elasticity is 1,600,000-2,000,000 psi. Because of 
the high impact strength, type 440 is said to be almost as 
trong after failure from high stresses has taken place as 
t was originally; therefore, in many cases local failure only 
relieves the stresses and the part is just as serviceable as 


before. When local failure takes place there is no tendency 
for cracks to spread under moderate stresses. Machinability 
is good if carboloy tools or diamond wheels are used 

The electrical properties are: dielectric constant for 60 
cyc is 5.2-6.0, and one megacycle is 4.0-4.5; dissipation 
factor for 60 cyc is 0.023-0.024, and for one megacycle 
0.019-0.020. The results of arc resistance tests for the 
ASTM method varies from 15 to over 180 seconds, while 
other types of tests have reporte lly shown up well. The 


nanufacturers iggest that the suitability. of plaskon HO 











for — requiring arc resistance should be deter 
mined by actual evaluation of the part in question. 

Other properties: coefficient of thermal expansion, 
10 X 10*5 to 30 x 10* in./in./F; thermal conductivity, 
8 x 104 to 12 x 104 cal/sec/cm?/1 C. 


Libby-Owens-Ford Glass Co., Toledo 6, Ohio 


rr Me 


as 


SAMPLE DISKS of the reinforced fiber glass plastic that re- ! 4 
ceived hits from Colt .45 automatic fired at 30 and 50 feet. 


CONTINUED ON PAGE 218 
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“AMERICAN - WELDED” 


RINGS - BANDS - ASSEMBLIES 
k Specified because 


* They are less costly than circular products fabricated by 
other methods. 


€ Flash butt-welding produces consistent high-quality welds 
which are equivalent in strength to the parent metal. 


€ Close dimensional tolerances are held, thereby reducing 












the amount of excess material and minimizing machining. 
€ Accepted for 10077 design strength. 


e Made from rolled or extruded ferrous or non-ferrous 
material, American welded rings are free from blow 
holes and harmful inclusions. 


Send us your specifications for prompt quotation . . . 
May we send you our illustrated catalog ? 


AMERICAN WELDING & 140 DIETZ ROAD 


MANUFACTURING C0. - WARREN, OHIO 
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Difficult starting with a heavy load is made easy with 
three new liquid drive units. The three couplings available 
are designated as the TF, TH, and TS units. The TH 
design is of rugged steel construction and is arranged for 
direct hub mounting on an electric motor shaft. There 
are five standard arrangements available to allow for 
varying machine design requirements. Ample bearings 
and a bellows type of shaft seal are provided, all of which 
ire lubricated by the oil in the liquid drive. This unit has 
a capacity range of from 10 hp at 870 rpm to 75 hp at 
1800 rpm 

The TS design is of aluminum construction and available 
n capacities from 14 hp at 1200 rpm to 24 hp at 1800 
rpm. These units are designed with an output sheave 
which rides over the position occupied by the motor shaft, 
thus eliminating all unnecessary overhang. The sheaves are 
ivailable from a 2-groove B section unit on the smaller 
a 7-groove B section unit on the larger 
couplings. All bearings and shaft seal are lubricated by 
the oil in the liquid drive. 


ouplings to 


Ihe TF design units are made of aluminum and are 
lable in capacities from 4 hp at 1200 rpm to 25 hp at 
1800 rpm. They are designed for direct mounting on 
tandard NEMA frame electric motor shafts. Under nor- 


ıl operating conditions, the three types of couplings will 


il 


rate at approximately 3 percent slip, resulting in an 
fhciency rating of 97 percent 
Some of the applications of the liquid drive units are 


O 
hoists, trolleys, car pullers and winches, centrifugals, 








Fluid Drive Units for Difficult Starting 








A39 A N 





continue 





cable stranders, conveyors, mixers, and agitators. Shown 
in the illustration is the TF unit 


Liquid D Corp., Hol Michigar 





New Size Range for 


A new size range has been added to a standard line of 
|] id four row tapered antifriction bear- 


ro or WO 
Single row bearings are available in sizes from 
to 20 in. O.D. and four-row bearings from 6 to 20 in 


O.D. These new full-roll units have been engineered for 


rod, bar and strip mills, pinion stands, gear drives 
mills, table rolls, reels, straighteners, cranes and 
il-working machinery 


other heavy met These bearings are 


| to speed roll changes, decrease power consumption, 
lubrication and maintenance costs, incrcase general 


overall efficiency, and to be superior for heavy duty service 


The four-roll bearing illustrated, measures 101 in. LD., 
+ in. O.D., and 10 in. wide. This bearing is manufac- 
1 to AFBMA standards, with the bore held to 0.001-in 


the O.D. to 0.002-in. toleran and is made entirely 


(f chrome-nickel steel. At 500 rpm, it has a 126,000.1l 
radial ip city and 24 'SO-]b thrust 
he distribution of the load over a full complement of 
tapere 1 rolls a res smooth operation at full radial and 
th ipacit Because of the close spacing of the rolls, 
possible deflection in cone and cup members is reduced 
nimum. Positive alignment is achieved by contact 
of the tapered rolls with the high back rib which is an 
[ | part of the cone 
manufacturers claim the bearings have a maximum 


number of rolls with high capacity, rigidity, and long life. 








us 
Suv. liv» 
r 5. n » gc dm 
do de. nios aad 


I Bear! Corp., 1296 Oberlin Rd.. Massillon, Obio 
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Illustrations show how load 
is divided over many short 
rolls, instead of a few full 
length rolls. End view of Stag- 
gered bearing and conven- 
tional bearing, show how 
staggered roller design brings 
a multiplicity of contact 
points within the loaded zone. 





ORANGE ROLLER BEARING CO., INC., 
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Greater Load Capacity of 


ORANGE ;4cezez7" 
ROLLER BEARINGS 


— meets severe requirements 


in crankshafts of 


lliburton 


TRIPLEX PUMPS 


Halliburton Triplex Pumps are capable 
of developing 12,000 p.s.i. pressure. 
They are used for pumping cement, 
mud, water, acid and other fluids used 
in servicing oil wells. The manufac- 
turer, Halliburton Oil Well Cementing 
Co., Duncan, Okla., has found Orange 
Staggered Roller Bearings best suited 
for the exacting operating conditions 
of these high pressure pumps. 


THE outstanding success of Orange 

Staggered Roller Bearings in 
heavily loaded or highly-stressed ap 
plications, comes from their unique 
staggered roller design. (See lower 
left). As a result, they carry higher 
loads than conventional bearings. You 
can design to carry the desired load 
with smaller size ''Staggered" bear- 
ings. Or, replace present bearings, size 
for size, and gain extra load capacity, 
added safety and longer service life. 
Orange ''Staggered'" Roller Bearings 
are fully interchangeable with conven 
tional bearings in the 200 and 300 
series and the 5200 and 5300 series 


Write for Engineering Dota 
Book on “Staggered” Roller 
Bearings, showing construc- 
tion, dimensions, capacities, 
application data, etc. 


551 Main Street, Orange, N. J. 
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Plug-in Type Low Voltage Transformer 


The 71-A variac transformer is a ready-to use, enclosed 
package with attached cord and plug for 115 v, 60 cycle 
input, and a pair of Type 938 Binding Posts to deliver 0 
to 16 « output. 

The transformer is rated for 5 amp continuous duty, 
with a conservative 50 C internal temperature rise and an 
output regulation drop of less than 3 v at full setting 

The basic unit is composed of two layer-wound primary 
coils on opposite legs of a conventional stack of L-type la- 
minations plus two single-layer secondary coils wound over 
each of the primaries. The insulation between coils and to 
the core will withstand a 1250-v breakdown test. The s 
ondaries are tapped by a unique arrangement of two stand- 
ard Variac brushes on a single aluminum radiator, which 
permits direct connections of the coils to both line and load 
without slip rings 





The simple, rugged enclosure is largely made up of 
two heavy aluminum U pieces, which are held so as to 
provide a 1 in. mounting slot at the bottom and a guiding 
track for the slider carrying radiator and brushes at the 
top. This slider assembly is the only moving part 

The mounting slot permits securing the unit to a wall, 


out of working space, or into a device as a permanent 
( omponent 


justment is convenient in compensating for voltage fluctua 
tion or in determining performance over a voltage range 
Specifications: Input Voltage 115 v; Output Curreat 5 am; 
maximum; Output Voltage 0-16 v open circuit, 0-13 

at 5 amp; No-Load Loss, Less than 5 watts; Dimension 
(Length) 53 x (width) 33 x (height) 3} in., overall 
Net Weight 4 Ib. The unit has a wide range of application 


The slider track is calibrated in open-circuit voltage for 
ready reference 

The limited voltage range makes this transformer par- 
ticularly safe for experimental work, the isolated secondary 
permits its use in floating circuits, and the continuous ad- General Radio Co., 275 Massachuse ive., Cambridge 29, Ma 








Two Units Permanently Record Alternating Current 


Designed to check on and make a permanent record 
of the use of a-c and circuit reactions, the recording am- 
meter used portably with a clamp ammeter unit can be 
ised to cover all operations within a power, manufactur- 
ing or processing plant. The records obtained can reveal 
proper or improper handling of plant equipment, detect 
inwarranted use of power ind discover unnecessary waste 
of production line time by checking the starting and ending 
time Of operating equipment 

The new modified model 633 clamp unit can be used 
for making rapid a-c measurements on either insulated or 
non-insulated conductors. It functions on the magnetic 
induction prin iple The trigger-action clamping jaw is 
hooked onto the conductor and current is induced in a 
winding on the magnetic circuit of the clamping jaw. By 
means of a rectifier network contained within the instru 





we NI La a do NA BR pe pn -oa 


ment, the induced a-c is rectified into d-c which is supplied " : 
PP position of the conductor is included in the 3 percen ; 
to the recording ammeter | 
i i ‘ i i 1 overall accuracy. 
[he instrument can be used with an extension cable ER / ! 
i } m The clamp pick up, which has terminals and a rang 
everal hundred feet long to connect to the recorder. The : ; ; : 
1 bad 1 1 selector switch on the face of the instrument instead of 
laminated clamping jaws are insulated with a neavv rubber e . a pam » 
i . i i 3 i dial, is compensated for temperature variations. The in 
leeve which withstands a breakdown test of 5,000 v a 2 : mr a 
1 1 1 fluence of temperature changes from 32 F to 110 F (0-43 
ind can accommodate conductors up to 2 in. diameter é 


C), will affect its accuracy less than 1 percent. The device is 


When used on commercial sine wave of frequencies a à 
used with a converter and a transformer for permanent use 


tween 50 and 70 cy the instrument is said to have an 


Fhe effect of the I ru D 614 I (yen A Newark, N 
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Wigh Pressure Aydraulic 
SWIVEL JOINTS 
and Assemblies 


For compact, smooth-acting, trouble-free mov- 
able joints in high pressure hydraulic piping or tubing 
SPECIFY BARCO! Here’s why: Barco’s exclusive 
design provides side flexibility to allow for piping 
misalignment and to PREVENT BINDING. Only 
Barco offers this important advantage. 

Barco High Pressure Hydraulic Swivel Joints and 
Assemblies were first developed for high altitude air- 
craft service and are now widely used for both military 
and industrial installations. Numerous approved styles 
are available to meet J.I.C. and Mil -]-5513 Specifica- 


O ions. Leakproof; Pressure-safe! Low torque. No 

aly BARCO swelling or expansion under pressure. Sizes, 4” up. 

Operating pressure ratings to 3,000 psi. or higher; 

SWIVEL JOINTS temperatures to —85' F., or lower. Ask for informa- 
» f tion and recommendations 


Side Flexibility! 
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E Many Approved Designs for Military, A Aircraft, 
BARCO 


MANUFACTURING CO. 


1827B WINNEMAC AVENUE 
CHICAGO 40, ILLINOIS 
IN CANADA: The Holden Co., Ltd. 


The Only Trely Complete Line 
oj Vleaible Ball, Swivel, Suing 


B) iw S IRL al AR ae OB e ec i e 





FREE 





ENTERPRISE—-THE CORNERSTONE OF AMERICAN PROSPERITY 
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Swing Joints for Gasoline and Oil 





lo a line of swing joints have been 
idded three new styles that are avail 


s n 
ble in sizes from 3 in. to 12 in. de " 
pending on the model. The new joints n 
are particularly applicable to gasoline vw 8 


and oil tank car or truck loading and 


inloading lines, Also, many overhead 


loading lines and hose reels which 


juire joints that will support piping 
ind move in one planc only 





The particular advantage of the 
new design is said to be its simplicity 


illowing for a 360 deg rotation 


Y ervit 
round the axis of the joint with a STYLE 5011 E 
long bearing surface to support th« 
weight of normal piping. When used 


in pairs, connected by 90 deg ell, they — models are available. Sealing is by terial is also suitable for tempera 

provide for up-and-down and side-to- means of an “O” ring confined in a from í0 to 225 F. In all of 

side action. Easy arrangement for recess in the sleeve of the joint. Special larger sizes, standard alemite fittir 

ounter-balancing of supported piping O” rings are provided for handling are used for lubrication of the joint 
ilso possible air gasoline, water, gas, chemicals, fuel Parts arc accessible for inspection 
Sizes available range from % in. to oil and other liquids without softening, maintenance. Joints also available 

à in. for threaded connections and swelling, or deterioration at any pres stainless steel 

from 4 in. to 12 in. with flanged con- sure from 0 to 100 psi, or to as high as Pío Dao a i 

nections. A total of 60 different — 500 psi in the smaller sizes. This ma S01 N. W'innemac A Chicago 40 


Neg’ator Model Aids in Mechanisms Design 


As an aid in the de velopment of 

: 
iechanisms based on neg'ator, a long 
leflection constant for e spring element, 


working model of the B-motor form 


f the neg'ator is now available made 


yf a long strip of st unless steel, 0.005 
thick and 4 in. wide. The zero 


gator B-motor, mounted 
ma x 34 in. black bakelite base, 
xerts a constant torque of 0.75 uin 


















poun 1 as the flexible steel o itput Ca le 
lrawn to an extension of about 4 ft. 
[Ihe cable, stored on a 1 in. drum 
gral with the output bushing, is 
juipped with a looped terminal at- 
achment to permit either manual or 
nechanical extension. From zero to 
full cable extension, a torque of 1 in 
pound is developed through 14 revolu 


tions of the output bushing 


rD Hunter Spr ( 
S bri f / 












DRAFTING BOARDS measuring 42 in. x quipped with a leveling device and CHEMICAL TRAYS, molded of high- 
72 in. are available on an all steel an adjustable foot rest. It has a large strength chemical resistant plastic, re- 
table that has a tilting range of from pencil tray and a leg base area of 251 sist acids, salts, mild alkalies, and 
O to 50 degrees. Also adjustable for 1m. x 42 inches. Emrick, Inc., 1724 organic solvents. The Dynakon Corp 
heights from 33 in. to 47 in., it is Clinton Ave., Kalamazoo, Mich 5509 Hough Ave., Cleveland, Ohio 
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LASTS TWICE AS LONG 
STILL GOING STRONG 


LASTED LONGER THAN ANY OF SIX OTHERS 


C m chine WwW 


A “belt-killing” drive on a well-known trench digging mach ; wearing 
atter of weeks or months. Then a Quaker "Pre-Tested 


t he six 


was installed Result . . . belt lasted almost twice as long as any o! 


veyor belts inam 


used... still going strong . - - in fine shape. 


Performance records like this and thousands oí others are m iking 


mor 
more 


design engineers specify Quaker Industrial Rubber Products 
Quaker sales engineers can assist you in pro ] 
rubber product - -- or applying an existing one t 
requirements from Quaker's complete line o! } 
packings and moulded goods. For “replace 
Products are available through leading distributors 
coast-to-coast Write for the new Quaker catalog 


latest data on industrial rubber products. 






RUBBER CORPORATION 


H | DIVISI 
ADE P ON O 
NIA 4 - F H. K. PORTER CO 
E NN A " k MPANY INC 
AN ¢ Io € E 
" N P R ' Y rs " 
FA | 
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Small Float Valve Has Large Capacity 


A new float ope rated valve, known as the no. 18 series, 
provides a large capacity for a valve of its small size. Three 
variations of the valve are available in this series. The 
no. 18, the 118, and the 518, which offer a variety of 
operating conditions 

The no. 18 consists of the valve mechanism and float 
The no. 118, shown in the illustration, is a variation de 
signed to offer protection against back-siphonage; it has 
the float mounted at right angles to the valve so that the 
valve proper is always far above the water level. The 
no. 518 includes the float and valve in a die-cast chamber, 
with a well-fitting cover, and is designed for external 
application such as on humidifiers 

The valve mechanism itself consists of only a few parts 
Except for the neoprene valve seat, all parts are of copper 


or brass. The valve opens to full capacity with a small 





float drop, and closes against supply pressures up to 100 I 
Ib. he entire assembly is held together by a single brass 
pin, so it can be disassembled for inspection or cleaning 

Ihe no. 18 series float valve can be used on humidifiers I 
Ol warm air furna on evaporative coolers in air condi 


tioning equipment; on wet and dry bulb hygrometers; on 


|o: 


d mounting the valve, the water supply connection. has 
ce qube freezers. It is also used to add water to radiators , 


$ in.-18 machine thread with matching nuts and washers 
For actual water supply line, either 3 in. pipe or 3 in. O. D 


tubing, this same connection has a 4 in. pipe tap. 


of stationary engines; on coffee urns and beverage dis 
penser 
The capacity of the no. 18 valve ranges up to almost 


500 gallons per hour lepi nding on supply pressure For McDonnell & Miller, Inc., 3500 N. Spaulding Ave., Chii 











Probe Has Interchangeable Detecting Heads 


A new lightweight radiation probe, for detecting and 
casuring alpha, beta, gamma, and neutron radiations, has 
been designed for use in hospitals, and industrial and 
iniversity laboratories where work with radioactive mate 
rials is being conducted. It will have application in 
nonitoring contamination of clothing, personnel, labora- 
tory equipment, and facilities 

[he scintillation counter, includes a phosphor, photo- 
multiplier tube, and a two-stage amplifier with low- 
impedence output. Light flashes, produced when nuclear 
particles strike the phosphor, are converted into electrical 
pulses by the photomultiplier. This allows radiation de- 
tection and measurement under even the most difficult 
circumstances.. Alpha particles, for example, can be counted 














i The neutron cap alone, adapted to me > beams of ; 

in the presence of high beta-gamma backgrounds. —- e, adapted to measure beams « ‘ 
ore ae 1 i thermal neutrons, is expected to have wide application in i 
The phosphors for detecting alpha, beta, gamma, anc 123 ] 

. general health physics work. ; 

neutron radiations are incorporated into specially designed 557 o NET $ 
} T A The complete detector is 23 in. in dia, 15 in. long, and 1 

caps placed on the end of the probe. These detecting :o] imately 10 ] é 
: : weighs approximate unds. L3 

heads can be quickly interchanged and the various phosphors — pep— 2 
in the caps are easily replaced should the need arise. General Electric Co., 1 River. Rd., Schenectady. N. Y 4 
: 

i 

AN ALL MAGNETIC REGULATOR has no from 105 to 135 v a-c. Regulation ac- THE CON-TORQ LOCKNUT, made with k 


vacuum tubes, has an all magnetic am- curacy is 1 percent. May be modified a flange and tempered ribbed barrel 
plifier type circuit, and maintains a for power supplies of any Output gives concentrated action when ap 
power supply output at 18,000 v d- rating. Time delay about 0.1 seconds. plied to a bolt or screw. It is not af 
This is for load current variations from General Magnetics, Inc., 135 Bloom- fected by vibration, moisture, or heat or 
0 to 100 ma, and line voltage variations field Ave., Bloomfield, N. J cold. E. A. Bessom Corp., Salem, Mass 
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Sondsteel Spring Division — Sondvik Steel, Inc 
145 Hudson Street, New York 13, N. Y 


Gentlemen: Kindly send, without obligation, a copy 








of "Sandsteel Springs for Dual Power." 
FREE. Send for illustrated 20-page moinspring quide 
to better product design and performance... 


Position 
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Y : DO YOU HAVE A PRODUCT THAT REQUIRES A FLAT SPRING? — 
; For superior design and performance of that product, inquire about Electric Met 
; ‘ n Recording Devices 
- : Sandsteel CROSSCURVED Mainsprings. The crosscurving allows use of pe 
longer, thinner springs, giving more flexibility of design and a far - í— 
‘ i elevision Aerials 
th more even delivery of energy. Take advantage of a quarter century of Vending Machines 
e] Sandsteel mainspring know-how, and consult us regarding your spring ois beture —2 


requirements. Write for informative brochure . . . without obligation. 





s SANDSTEEL SPRING DIVISION—SANDVIK STEEL, INC. 
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Two Or Three-Way Electrically Controlled Valves 


Recommended for use as a pilot of the cylinder or 
liaphragm operated valves, this electri ally operated valve 
» being offered in a or 3-way model, in 110, 220, and 
(40 v, 60 cyc, either normally open or normally closed. 

Ihe body and cover are a high tensile zinc alloy die 
isting, and the scats, plunger, and spring are made from 
tainless steel. The hycar seats in both ends of the plunge: 

oil resistant, and the coils are completely sealed from 

or fluid being controlled. The air or fluid passing 

through the center of the valve dissip: tes the heat of the coil, 
keeping it cool, and allowing operations up to 400 cy 


I} life of the valve is said to be over 10 million cycle 


4 


Ihe only moving parts are the spring and the plunger 


[he only wearing part is the hycar seat, and when a new 
t 
molded into the plunger, the valve is ready for 


| million cycles. A valve with a standard coil is 





mended to handle air or oil only. A special shielded 
ised in valves handling water and will be available 
ter fate 
Valves with À in. orifice are recommended for pressures 
to 1 psi; valves with ,%, in. orifice are recommended 
to 60 psi. All valves have a } in pipe tap 
| t in., d on. and Jin. cylinder valve can be operated 
300 cyc per min, and the 3 in. and 1 in. cylinder 
in be operated up to 150 cyc per min with this 
The restrictors must be remov 1 from the top of I 
ler operated valve to obtair these speeds Inrush e 
iÓnsumption 1 tl watts holding current 1s 27 watts 
ommended that for maximum service the valve be 
| in a vertical position to prevent excessive wear on 
nger 
f 
( ( Bear Í 1 O j 
I 


' i : Ed ) 
A new quick make and break bimetal disk thermostat 
rost control and cycle termination, and for other 
plication in which moisture beads are a problem, is de- 


Oo met ill requirements of the Underwriters 


Featuring an electrically independent bimetal thermal 


t 
w 


| nt which eliminates artificial cycling or jitters, the \ 
v thermostats are available in two basic styles Type 
MH200 is a hermetically sealed unit enclosed in a round 


al can with neoprene molded over the terminals and 


is. Type MH100 is enclosed in a CR-7 crystal can; 
ype MH300 is covered by a molded neoprene enclosure 


This construction con pletely protects the terminals from 


moisture or liquids; silicone rubber can be used for special 
igh temperature applications. The silver contacts are 


rotected from contaminants by the hermetic seal 

All type MH thermostats are preset at the factory and 
innot be adjusted thereafter. Operating on a-c of 40 
ycles and up, the units are rated at 15 amps at 115 v and 





moisture beads are a problem. All the CH 100 type the 


) amps at 230 volts. General applications for the type CH “sate 
-— lg Fi i i d mostats are permanently precalibrated for any range froi 
O include u n low wattage circuits where thermal con- c Mos : 
| -— EM ] s ı maximum of 400 F to as low as 60 Centigrade 
ol necessary, as 1n ciectronic and communication equip " 
id. in ontrol ipparatus ind appliances where Stevens Mfg. € Inc.. 69 S$. Walnut S Man ld, O 
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ou can replace 


seamless tubing 


(UP 








-and € — KI save money in 





. machining material labor e 


f | PROMPT DELIVERY 
é D 


\ 
‘ \ 
| i. 
FEDERA| Our six pl prod bear lesigns and sizes; cast E 
Togut onze bars. 


ants vce sleeve ings in all ig 
bronze bushings; rolled split-type bushings; bi-metallic rolled bushings; 
ashers; spacer tubes; precision bronze p 








225 3 FEDERAL-MOGUL CORPORATION * 11043 SHOEMAKER * DETROIT 13, MICHIGA 
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V-Belt Drive Unit for Instrument Calibration 


A special purpose compound V-belt drive unit has been 
found to be suitable for the calibration of jet controllers, 
tachometers, and other instruments 
Capacities ranging from the light tachometer drives of 
hp or less up to 10 hp are now available with larger 
drives for loads of 20 hp and higher now being developed. 
Ratios up to 50:1 with speed ranges from 150 to 7500 rpm 
are produced by compounding successive pairs of wide 
range combination sheaves 

Prelubricated sealed ball bearings and precision built 
variable pitch sheaves equipped with sintered bronze bush- 
ings are incorporated in the design. This construction is 
said to assure uninterrupted performance without the neces- 
sary regular servicing. The balanced stretchless steel cable 
V-belts are furnished either in regular or static proof con- 
struction for hazardous locations. A single, free-operating 
balanced control with zero back lash for direct or remote 
locations changes the pitch diameter of all four sheaves 
simultaneously 


1 


Accuracy of regulation with no hunting and almost no 
drifting are said to hold speed variations to less than } of 
| percent for any spe ed throughout the entire range. This 
is important when using electronic tachometers in con- 
junction with the calibration of instruments, controls and 


pumps 





Speed Selector Inc., 118 Noble Court, Cleveland 15, Obio 








High Rate Counting and Totalizing Unit 


High speed counters, used in conjunction with conven- - 
tional equipment, and instruments, now permit high rate 
counting and totalizing at near ultrasonic rates. Possible 
applications of these counters are investigation of phenom- 
ena involving functions of time, radiant energy, sound, 
light, aeceleration and velocity, stress analysis. Other uses 
ire in: hydraulics, pneumatics, nuclear physics, and. aero- 
lynamics. Determining production and flow rates in the 
processing and fabricating industries are also pe 

Designed for lightness, portability and ruggedness, these 
inits weighing 10 oz apiece, have an overall dimension of 
14 in. x 5 in. x 54 inches. Model TU-9 automatically 





records impulses up to 30,000 per second, while model 4 
TU-100 will record at rates as high as 100,000 cycles per 

econd. Both units are equipped with octal base plugs for 

ndividual or series mounting in conjunction with other 

equipment or circuits. By cascading a series of units, direct I 
readings of large proportions may be read on the internally I 
illuminated panels. Power supply is 200-400 v, d-c at 12 
milliamps, with an input-output pulse of 100 v, negative. Stratex Instrument, 1861 Hillhurst Ave., Los Angeles 27, Cal: 








A MINIATURE HERMETICALLY SEALED constructed that it may be panel A SELF-LOCKING ANCHOR NUT of hig 
RELAY features an 8-terminal her- mounted from either the top or bot- carbon annealed spring steel grips th 
metically sealed header 0.600 in. O.D. tom side. The unit can be furnished bolt without using an auxiliary device 


and a new design balanced armature either with a dry air fill or vacuum Its hardness makes cross-threading al 


relay sealed in a Z in. x J in. drawn pumped and filled with dry nitrogen. most impossible. Kaynar Mfg. Co., 8: 
luminum can. The entire unit is so Hermaseal Co., Inc., Elkhardt, Ind E. 16th St., Los Angeles, Calif 
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: WATER can't cramp 


your products performance 





.. . When it's custom molded of DUREZ phenolics 





9 Water resistance should seldom be warps the humidifier parts of moidea 
verlooked in materials selection, and Durez, nor mars their lustrous finish 
ften it is a controlling factor. In millions of pieces of electrical and 
lhis characteristic is outstanding in electronic equipment the low water 
Durez phenolics and, as these examples absorption of Durez is equally impor 
suggest, It Can serve vou In many ways. tant... .it safeguards the excellent elec- 
il Frequent contact with hot liquid causes trical characteristics of the material 
> deterioration in the sanitary screw- Your custom molder will help vou 
— n nursing bottle cap and nipple hold- get maximum profit from the electrical, 
! r l'oilet tank balls ot Durez float tor chemi al, and mechan al properties INDUSTRIAL RESINS 
z ears. Engine dehydrator plugs are un- available in more than 300 Durez 
) T t ' 1 n 
th fected by any climatic conditions and molding compounds. Why not see him PROTECTIVE COATING RISINS 
Ic ¢ 1 a 
: ave the torque strength needed for a now, before future plans become ai eS 
a Geli C et? Our &eld a Our monthly ** Durex Plastics News ™ will 
y — Un t? vi Gal — , . 
y ght screw ht onstant exposure to ^ ur neig sta à; -— 3 keep. you informed om industry's uses of 
vater vapor neither swells, shrinks nor for details and technical assistance Durex. Write, on office letterhead, to 
Durex Plastics @ Chemicals, Inc., 200] 
: Walck Road, North Tonawanda, N. Y. 
25 PHENOLIC PLASTICS THAT FIT THE JOB 
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lester Has Range From 2 Grams 


Outstanding among the features of a new precision ele 
tronic testing instrument, is its wide full scale range, 
extending from 2 grams to 5,000 Ib. In addition, a selec 
tion of jaw speeds is provided, ranging from 0.02 to 20 
n. per minute. The combination of a system for changing 
the load sensitivity and push button switching for operat 
ing the moving crosshead, are said to offer fast routine 
measurements as well as complex testing techniques 

Ihe electronic load weighing system is based on the 
electric strain gage principal to detect variations of load 
in the specimen under test. This instrument has a high 
speed of response and almost zero motion of the upper 
jaw. The motion of the lower jaw is controlled by a posi- 
tional servo system assuring a constant rate of elongation 
in either direction, and providing almost instant starting, 
topping or reversing 

Recent additions to the tester have been compressional 
iccessories. An auxiliary and easily removable crosshead, 
as shown in the illustration, is attached to the frame below 
the moving crosshead. Compression type load cells have 
a rigidly attached load sensitive table. The sample is com 
pressed between this table and the moving crosshead. The 
same control for operating the motion of the crosshead in 
tensile measurements, is possible for compression testing 
Load deformation, cyclic, and relaxation data, can be ol 


tained with high speed response. By the use of jigs and 


) 


I 
fixtures, torsion and flexural measurements may be carried 





rhe full scale range of compression tests available, with 
three interchangeable load cells, extends from 20 grams 
to 5,000 Ib. An integrator has been developed which, 
when applied to the tensile tester, the area wales the load 
deformation curve, which is equivalent to the energy Instron Engineering Corp., 2 Hancock St., Quincy 71, M 


either absorbed or returned by the test sample, is imn 
diately available from counter readings 








Step Gage Measures Thickness of Thin Films 


Called a step gage, this new instrument for accurately 

suring the thickness of thin films by means of color 
omparisons, consists of a specially prepared glass plate 
enclosed in a plastic case. A film of barium stearate is 
glass in a series of monomolecular Jayers, 
each layer having a thickness of 0.1 microinch. The suc 
cessive layers are deposited in such a way as to build a 


] 1 
Ic posite 1 on the 


eries of steps made up of ten layers. Each step is one 


ucroinch thicker than the preceding one 


When the step gage is illuminated by white light, each I 
tep reflects a color that is determined by its thickness. The 

ps, therefore, are seen as a series of colored stripes on i 
the glass plate. To determine the thickness of an unknown 


film, it is ompar¢ | with the colors on the gage to find 
he Stet whi h most nearly matche the color of the un 
known film 

] 


} 1 + 


Ihe new device may be used to measure vapor | ressu 
nd temper colors on metals, and is adaptable for measure 
ent of transparent conductive coatings on glass. The range 


of the step gage is from 2 to 16 microinches 





CONTINUED ON PAGE 23 
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Functional beauty 
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Van Huffel is versatile. 


Van Huffel 
cold-formed metal tubing and shapes 
simplify the production 
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WELDED, LOCK SEAM, OPEN SEAM, BUTTED TUBING, SHAPES AND MOULDINGS 


A new center-of gravity type vibration isolation mount 
has been developed to protect aircraft voltage regulators 
from the effects of shock and vibration. It is reported to 
offer good vibration resistance in all kinds of mounting 
and has constant characteristics over a wide temperature 
range. The mount is designed to meet the requirements 
of Army and Navy specifications 17R21 and ANB30 

[he mount 1$ capable ol withstanding a shock or sus- 
tained acceleration of 10 Gs, and will absorb vibration 
deflections of 0.06-in. (total travel) when subjected to 
simple harmonic motion at frequencies of 10 to 55 cps 
and amplitudes corresponding to 10 Gs from 60 to 200 
cycles. It also meets a 25 hr salt-spray test. 

Four phosphor-bronze laminated spiral springs with cop 
per braid sleeves are located at the corners of a movable 
base so that the inner ends of the springs are equi-distant 
and in the same plane as the center of gravity of the 


l 


device to be protected. Brackets riveted to the outer and 


inner ends of the springs secure them to rigid and movable 


1 
bases 


The device so protected may be mounted in any plane 
and subjected to shock and vibration in any direction. The 


springs will deflect substantially the same amount in any 
direction when loaded. Unbalanced movements of the 
device are eliminated when it is subjected to shock or 


vibration 


Four silicone-rubber grommets inserted in the spring 
supports act as stops under shock conditions. Their per- 
formance is also effective between wide temperature limits 





Vibration Mount Protects Voltage Regulators 


continu 





because of the characteristic stability of silicone rubber over 
a wide temperature range. 

A thumb-type locking clamp is used so that the plug-in 
voltage regulator may be easily removed. Test jacks and an 
equalizer potentiometer are mounted on the rigid base. 

General Electric Co., 1 River Rd., Schenectady, N. Y 


Automatic Clutch Disengages At Low Speeds 


A new automatic clutch, featuring wide differential in 
engagement and disengagement speeds, is designed for 
7 to 15 hp engine with 13, 147;, or 14 in. 
tandard shaft. It has a normal engagement speed of 1,000 
to 1,200 rpm, but disengages at as low as 800 rpm. The 
wide differential of this automatic clutch is made possible 
by a linkage connecting heel and toe of theytwo opposing 
shoes. This toggle lock is centrifugally actuated and equal- 
ized on both pickup and release of the load. All models 
n this Tog-o-loc series have hub bores mating with standard 
engine shafts, without necessity for any extension, grind- 
ing, boring or slotting. They are available in two types 

with standard size pulleys with single and double grooves, 
or with plain hubs onto which special service pulleys may 
be mounted 


ope ration on any 


$alibury Corp., 1161 E. Florence Ave., L Angeles 1, Calif 








FLAG TYPE SOLDERLESS TERMINALS 
are now equipped with body insula- 
tion. The terminal may be installed 
easily on standard wires in ranges 
from No. 22 to 10. Originally de 
signed for intricate case wiring systems, NEW 
the terminals may be used in air- 


EXTRUDED 





craft, industrial, automotive, electronic, 
or where space is at a minimum. Air- 
craft-Marine Products, Inc 
ton St., Harrisburg, Pa. 


HEETING reinforced with wire is said 





to have good resistance to outdoor ex 
posure. The transparent plastic i 
lightweight, non-corrodible, and hig! 
in impact strength. The plastic use: 
is cellulose acetate butyrate tenite. G 
Felsenthal & Sons, Inc, 4100 W 
Grand Ave., Chicago 51, Ill. 


, 2100 Pax- 
VENITE 


PLASTK 


CONTINUED ON PAGE 23 
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A MESSAGE TO AMERICAN 


INDUSTRY * ONE 


HOW TO HELP BRITAIN 
...and Ourselves 


The purpose of this editorial is to help Win- 
ston Churchill obtain the aid Britain needs 


(1) to weather her present financial crisis, 
and 


(2) to avoid a chronic recurrence of such 
crises. 


This is not a philanthropic purpose. 


Britain is our staunchest ally in the free 
world’s continuing fight for survival. She can- 
not perform her role effectively if she is 
broke, or if she careens from one financial 
crisis to another. 


Then, too, a nation such as ours — commit- 
ted to private enterprise as a way of economic 
life—has a special interest in helping Winston 
Churchill to help Britain. His administration 
is relatively friendly toward private enter- 
prise. Should he fail, he would be replaced 
promptly by a Socialist government more 
hostile than ever. And that would weaken 
the standing of private enterprise in the free 
world. 


Cause of the Crisis 


It is the drive of the Western World under 
our leadership to rearm against Russian ag- 
gression that has precipitated Britain's finan- 
cial crisis. It set off a scramble for raw mate- 
rials from which armaments could be made, 
and for many other materials that might be 


short in the event of war. So the prices of the 
things that Britain must import— mostly raw 
materials —have been boosted more than the 
prices of things she can export—mostly fin- 
ished products. That leaves Britain short of 
funds to pay for essential imports. This diffi- 
culty increases as the necessity becomes more 
urgent to divert industrial effort from produc- 
tion for export to production for security. 


The Basic Trouble 


Although Britain’s immediate crisis was 
touched off by the rearmament drive of the 
Western World, her basic affliction is one 
from which she has suffered since the end of 
World War II. Stated in its simplest terms, 
Britain does not produce enough goods to pay 
her own way as one of the family of free 
nations. 


For years this deficiency in home produc- 
tion was made up by income from shipping 
and overseas investment. But Britain had to 
sell a large part of her foreign investments to 
finance her heroic part in World War II. So 
her income from that source has been greatly 
reduced. And, in spite of an increase of about 
a third above prewar in her own production 
of goods and—thanks to a continued “auster- 
ity” program—a much larger increase in her 
exports, Britain still is not paying her own 
way. 








Two Ways to Solvency 


Britain has two ways to restore her sol- 
vency. One is to cut down on what is con- 
sumed-the belt-tightening process. The other 
is to step up British production. 


To surmount the present crisis, Mr. 
Churchill has asked for some cutting down. 
He probably must ask for more. 


Except as a stop-gap expedient, however, 
more cutting down of Britain's consumption 
is clearly a dangerous course. That would 
further depress a British standard of living 
which, not more than half as high as ours, 
already is too low. Politically such a course 
would grease the skids for Winston Church- 
ills administration, even now governing by 
a wafer-thin parliamentary margin. Also, as 
The (London) Economist remarks, the “lazy 
expedient of cutting trade’ would result in 
“hurting other people and forcing them to 
take similar action" —by cutting the market 
for their products. 


The Only Cure 


The best and, in fact, the only way to help 
cure Britain's economic ills is to help Britain 
produce more. Here the technical possibilities 
are encouraging. On the average, the British 
industrial worker produces only about 40 
percent as much a year as the American 
worker. That is a British estimate, made by 
Sir Ewart Smith. 

Wider use of better industrial methods and 
modern tools and an infusion of the compet- 
itive incentive into British industry — to re- 
place the cartel and other restrictive practices 
— would go a long way to narrow this wide 
gap in worker productivity. This is the con- 
sensus of experts on both sides of the At- 
lantic. 


Since 1948 the Anglo-American Council 
on Productivity has done much to encourage 
output per man-hour in Britain and to foster 
this doctrine with both labor and manage- 
ment. But much yet remains to be done. 


In the United States it is increasingly sug- 








gested that before we give Britain any more 
economic aid we should insist that everything 
possible be done to exploit the technical pos- 
sibilities of increased production. This em- 
phasis on production is needed. But if we 
Americans were to impose upon the hard- 
pressed British people conditions that could 
be construed as an affront to a friendly and 
sovereign nation, we might well put into the 
hands of a masterful rabble-rouser such as 
Aneurin Bevan, the anti-American leader of 
the Labor Party's left wing, a campaign issue 
on which to maneuver himself into the Prime 
Ministership. 


Churchill Can Insist 


But Winston Churchill is not so handi- 
capped as we should be in imposing prereq- 
uisites of further aid. As Britain's own, most 
honored leader he will raise no touchy ques- 
tions as to Anglo-American relations if he 
insists that Britain have firm plans to cure her 
economic ills, plans sharply focussed on ways 
end means of increasing Britain's industrial 
efficiency. 


By presenting a convincing plan to cure 
Britain's recurring crises through great- 
er production, Mr. Churchill will greatly 
facilitate the process of getting the aid 
his country must have. He will also re- 
move an increasingly dangerous element 
of dissension in Anglo-American rela- 
tions — the feeling of many Americans 
that more aid to Britain is more money 
down the drain. The way to counter that 
feeling is to come up with a prescription 
for an economic cure, not a request for 
another economic poultice. 


Technically, such a program is entirely 
feasible. It will perhaps be the supreme test 
of Winston Churchill’s statesmanship to make 
it politically feasible as well. 


In the interest of Britain, of the United 
States and of the whole free world, we wish 
him all success. 


McGraw-Hill Publishing Company, Inc. 
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FOR ALL TYPES OF BALL AND ROLLER BEARINGS: 4” BORE TO 120” OUTSIDE DIAMETER 


di- ; KAYDON 
q- v s 4-point angular contact bearings 
st i 12.000" x 14.000" x 1.000 





nE CO Ww e Ir 
< “no bearing wear 
\ 


in more than 2 million indexing cycles 












Many are the big responsibilities successfully shouldered by 
KAYDON bearings in heavy-duty machinery. For instance. Ave 
fast-eyeling high precision Indexing Machines d imd depend i 
able bearings to stand the strain of drilling 3 pre 

then indexing the part 60 degrees and drilling more | 

After more than 2-million index 

bearing-wear \ i 


“particularly ple sed” with KAYDON Bear 


without perci ptibl 


ilaptable to many types of precisio ; 
chinery may be urs. too Call KAYDON. 


ke 


ed | 
ish | pup" i — 


| m z st 
— KAYDON Types of Standard and Special Bearings: 
Spherical Roller è T aper Roller * Ball Radial * Ball Thrust 
© Roller Radial è Roller Thrust * Bi-Angular Bearings 
nc. 
T HE ENGINEERING CORP, 


MUSKEGONe MICHIGAN 








RECIS ION AN D ROLLER BEARINGS 
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New Parts and Materials continue 


Sensitive Dead-Case 


Its always 


The new insulated case of the Du; 
Mite Thermostat features high capa 
ity, greater sensitivity and simpler in 
stallation. The dual action thermostat 


rated at 500 w capacity, has an ope: 
a erating range at temperatures from 3. 


to 400 F, and according to the manu 


































P DU 


facturer it has high thermal sensitivity 
and can be calibrated to close therma 
limits. A dielectric rating of ove 
1,300 v is claimed. It is especially de 
signed for difficult appliance applica 
tions where pre-set, fixed calibration 
and long thermostat life are required 
The aluminum case measures 2-3 in " 
long by $ in. wide. The unit can b 
supplied with choice of terminals or 


NR 
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leads to meet exactly the application 


f 
E 


need 


Mechanical Indust Produc ( 


In fact, we at American-Fort Pitt Spring have been making 
coil springs all kinds, hot or cold wound —spring, summer, I - i í 
Subminiature Selenium 


fall and winter, for more than sixty years. Over the years our ie : min 
Rectifiers For Military * 


engineers have worked on almost every conceivable type of 


spring problem. In many instances their recommendations Applications 

have helped cut production costs and improve product per- The Minisel line of subminiature sc 

formance. The springs we furnish are delivered precisely as lenium rectifiers, consists of tiny selen 
n s : i " à ium rectifiers 1n. ratings up to 20 ma 

specified and in conformity with highest standards. When you d-c output, 25,000 v a-c input per 


need springs, the No. 1 place to think of is No. 2 John Street. single stack, and features a variety of 
constructions for military and commer 


cial applications. Special constructions 


AMERICAN-FORT PITT SPRING DIVISION 


H. K. Porter Company, Inc. 
No. 2 John Street, McKees Rocks, Pa. (Pittsburgh District) 


AMERICAN-FORT PITT 


SPRINGS 





Propuct ENGINEERING — January, 1952 







































CW Parts and Materials continued 






ow for hermetic scaling and fungus 
ofting I . B 
Der ción ae odd Electric Resistance . 
hed 1 ound sclenium re 
ells encased in bakelite, glass WELDED 
metal housings The company 
ums a strict quality cor trol produc- 
on to eliminate variance in character 
s with I inl nd Iro un 
uni 
Lhe ré CI n it com 
yn and lirg iriety of special 
pes, in ling l of ndard 
1 ] J sup] sso 
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ISICT ypcrating ne P ation s 
ised on working with, rather than 
gainst, the fluid flow The cone 


seal is closed in th samce d Aud 


34" to 4" O. D. 9 to 22 gauge 


SQUARE-RECTANGULAR . 
Ya” to 9" 20 gauge, y to 23A", We Did IL Before. a 
^^ eee We rolled up our sleeves before and the whole 
Carbon 1010 to 1025 i 


world was amazed at the miracle of American 
production. Now we're at it again and 


" y E Michigan is proud to be doing its share in this 
Michigan Tubing great defense effort. 


has uniform strength, weight, duc- Michigan electric resistance welded steel 
tility, I. D. and O. D., wall thick- tubing found its way into numerous products 
ness, machinability, and weld- for the armed forces during World War Il, such 
ability. It can be flanged, expanded, as automobiles, trucks, incendiary bombs, 
tapered, swaged, beaded, upset, and airplanes. Another use was invasion line 
flattened, forged, spun closed, tubing. Design simplification and adapta- 
| fluted, and rolled. Available in a bility, qualities making for economical and 
i wide range of sizes, shapes and faster production, were among the reasons 
wall thicknesses, prefabricated by why so many manufacturers turned to 
Michigan or formed and machined Michigan tubing. 


roe As we “do it again” during the present 


Jr. me defense emergency, consider how Michigan 

pA tubing can be applied to your product. We'll 

Shh appreciate the opportunity of discussing its 

Consult us for engineering and use, whether for defense or consumer items. 
technical help in the selection of 

tubing best suited to your needs. 










ection as the movement of the liquid 
allowing high or low pressures to seal 
the valve. This is said to eliminate 
leak-inducing permanent deformation 
found in previous designs based on 


the compression of a resilient member | 9450 BUFFALO STREET * DETROIT 12, MICHIGAN 


Against a non-resilient seat. FACTORIES: DETROIT, MICHIGAN e SHELBY, OHIO 
The cup-shaped conical washer of — 


DISTRIBUTORS: Steel Sales Corp., Detroit, Chicago, s. lovis, Milwaukee, Indianapolis end ——ü 
Miller Steel Co., Inc., Hillside, M. J. 


More Than 30 Years in the Business 
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DOES WORK OF 
25 RESISTORS 


saves work—and cost— 
of hocking them up 


It used to take 25 conventional resistors, 1134 x 1% in., 
spaced on 214 in. centers, to keep the power company 
happy. 

Ward Leonard worked out the problem with a single 
Edgeohm resistor, 19 in. long—saving all that space, 
weight, mounting and wiring. 


Here’s the application: a 40-kw radio transmitter, oper- 
ating from a 50 kva transformer, made by a large trans- 
mitter manufacturer. Problem: limiting inrush current to 
avoid a severe voltage drop (objected to by the power 
company) and a strain on the line contactor. 

This single Edgeohm unit is rated for continuous duty at 
2200 watts, and when used for a 15-second interval, will 
dissipate 6400 watts! 

Another example of Ward Leonard “Result Engineer- 
ing”, providing the desired result at a saving! WARD 
LEONARD ELECTRIC CO., 63 South Street, Mount Vernon, 
N. Y. Offices in principal cities of U. S. and Canada. 


WARD LEONARD 
ELECTRIC COMPANY 


R eli- È QT DHT Mn Since 1892 
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New Parts and Materials continu 
the rand seal incorporates an imbedd 
metal plug which eliminates bendi: 
and warping and makes the seal lea 
proof. If contaminants in the flu 
such as sand or grit, are not push 
ahead of one sealing line contact, t! 
conical shape of the seal provides « 
tablishment of a new line of conta 
without damage to the bore. T} 
rubber member of the seal is co: 
pounded to withstand oil, greas 
steam, water, and most industi 
chemicals. 


Rodic Chemical And Rubber ( 
Allen Ave New Brunswick N 


Lightweight General Purpos. 


Centrifugal Pumps 


A new line of general purpose «c 
trifugal pumps, known as type SCi 
are light in weight, easy to handle, i: 
stall and mount, and are well suit 
for any small pumping applicati 
such as small cooling towers, domest 
water supply, or hot water systen 
They may also be adapted to boost 
and process pumping, or stock pun 
packing gland water supply. 

The SCC pumps are of close coupl 
type. For leak-proof operation and t 
eliminate frequent adjusting or gla: 
repacking, they are equipped with n 
chanical seals. Motors are of 
standard open drip type. Standa 
mounting is vertical, but with thc 
dition of motor feet, the pumps 
be adapted for horizontal mounting 

By removing four bolts, the ent 
pump can be lifted out for maint 
nance. Impellers, wearing rings, at 
mechanical seals are easily replace 
Standard pumps are bronze fitted wi 
casing and motor stand of clo 
grained, cast iron. Impellers and wea 
ing rings are of hard bronze. The i: 
pellers are dynamically balanced ar 
hand fitted 

Two sizes are available: 2 in 
tion x 1} in. discharge and 1} in. x 
inch. Both operate at 3450 rpi 
Capacities range to 100 gpm at hea 
to 120 feet 


Economy Pumps, Inc., Hamilton, O 


Metal-Plating On Plastics 


A new method of plating metal « 
items of bakelite and vinylite plast 
makes possible lightweight, corrosio: 


resistant products with hard, high-po 


ish metal surfaces. Metal-plated bak 
lite and vinylite plastics are said to | 
more resilient, lighter to carry, and a 
more highly resistant to heat, abrasic 
and weathering than solid metal. T! 
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w Parts and Materials continued 


5 production method of ele troplat 
is performed in barrels made of 
-resistant laminated phenolic plas- 
Hardware, jewelry, bottle clos 

s, molds for slush molding doll 
ts and shielding for electronic cir- 
ts are a few of the items molded of 
kelite and vinylite plastics. These 
y be electroplated with gold, silver, 
pper, and other metals in a variety 
12 colors. Abrasives roughen 
smooth plastic surface so that a 

n bond coat of silver, applied by 
ymersion Or spraying, will adhere 
Chen dry, the bond coat is tested for 
trical conductivity which makes it 
sible to electroplate objects by tum 
ng inside a perforated barrel revolv- 
g in a copper salt solution. A base 
it of. copper plate is followed by à 
n laver of the desired metal finish 


( li South R yr N. ] 


Moisture Content 
Easily Determined 


A moisture testing instrument, 
odel PD E has been spe ifically de 
ened for testing wel flour, wood 
havings, wood chips, sawdust and 
nilar by-products. The principle of 
igh frequency power absorption gives 
he model PD 1 accurate testing to zero 
per cent moisture. The instrument has 
| penetration of 3 in., is portable and 


Solenoid Contactors 


mple to operate. Moisture content 
determined by pressure of the gun 
trode against a sample of the ma 


rial, preferably placed in à small "PT A.C or D.C eee multi-pole 


ontainer such as a wide-necked glass 


ir. The instrument operates with a construction — many more uses 


ss of the thumb and one reading 
nly is required to determine moisture 


ontent 


Now you can get fast, positive, consistent operation on 
( 10 W. Chestnut St a wide range of load and control circuits . . . from the finest 
design of solenoid contactor on the market. 

This new Size O a-c contactor brings Ward Leonard's 
Reinforced Plastic Sheet line of solenoid contactors into the 15 ampere range. And 
it comes with as many as 5 poles. Double-break silver 
contacts may be interchanged to form normally-open or 
normally-closed contacts as desired. 

Operating coils are interchangeable with Size 1 con- 
tactor coils. Available also with d-c “power plants”. 


Dynakon GIA a medium high 
trength glass fiber reinforced plas 
sheet} has been designed for a sheet 
ermediate in strength between A3A 
achining and electrical grade sheet 


d BiB hich-crenath shoot. CIA Write for Bulletin 4458. WARD LEONARD ELECTRIC 
Iso has good properties for stressed CO., 63 South Street, Mount Vernon, N. Y. Offices in 
plications in the electrical chemical principal cities of U. S. and Canada. 


1 appliance field, and is suitable for 
in making luggage and trunks 
nsile strength is 19,000 psi, com 


ressive 24,000 psi, impact is 15 ft-Ib RD NARD 
f GIA is resistant to acids, salts and WA LEO 

ld alkalies as w ell as to organic sol- 

nts. Water absorption is 0.30 per- ELECTRIC COMPANY 


nt 


Among the electrical properties are: 


|: 477722 3 a EAT Since 1892 
lielectric strength, 325 v/mil; arc re- T TEELEN EET S CONTE i 
stance 120 sec; and power factor, 4.7. 





PRODUCT ENGINEERING — JANUARY, 1952 





NEW ALL-METL 
BARRYMOUNTS 


for Unusual Airborne 
Applications 





These new Barrymounts provide the 
aircraft and electronic engineer with 
a vibration isolator designed to meet 
the unusual temperature and envi- 
ronmental conditions encountered in 
high-altitude, high-speed flight. Em- 
ploying no organic materials, these 
mountings are not subject to tem- 
perature influences that may affect 
the performance of other mountings. 
»ALL-METL Barrymounts offer a 
wide load range with uniform per- 
formance. They have a natural fre- 
quency of about 7% cycles per second, 
with low horizontal stiffness for maxi- 
mum isolation of horizontal vibration. 
Transmissibility at resonance is only 
4%. There is no snubber contact nor 
resonance carry-over when ALL- 
METL Barrymounts are vibrated at 
government-specified amplitudes. 

These mountings are designed espe- 
cially for unusual military condi- 
tions. They meet the vibration re- 
quirement of JAN-C-172A, MIL-E- 
5272 (USAF), and MIL-T-5422 
(BuAer). For details of sizes, ranges, 
and construction of unit mounts and 
bases using ALL-METL  Barry- 
mounts, see catalog 509. 


FREE CATALOGS 


502 - Air-damped Barrymounts for 
aircraft service; also mounting 


bases and instrument mountings. 
509 — ALL-METL Barrymounts and 
mounting bases for unusual air- 


borne applications. 

504 — Shock mounts and vibra- 
tion isolators for marine, mobile, 
and industrial uses. 

607 — How to cut maintenance 
costs by using Barrymounts with 
punch presses. 
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“RUGGEDIZED” 
BARRYMOUNTS AND 
MOUNTING BASES 


Now Available to Meet Shock 
Requirements of AN-E-19 


Barry vibration isolators and 
mounting bases are now available 
in “ruggedized” construction, to with- 
stand the severe shocks of arrested 
landings in aircraft carrier service 
and of crash landings. These units 
are tested to meet the shock-test re- 
quirements of Specification AN-E-19, 
for the equipment sizes listed in 
JAN-C-172A 


o uo a 
d t3 
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“Ruggedized” Barrymounts are 
available in both the air-damped type 
and the ALL-METL type. `Air- 
damped Type 770R covers load ranges 
between 14 lb. and 9 lbs. Air-damped 
Type 780R covers load ranges be- 
tween 4 lbs. and 35 lbs. ALL-METL 
Type 6600R covers load ranges be- 
tween 4 lbs. and 35 lbs. Type M-112R 
covers ranges between 2.and 10 lbs. 


ý cu 
WU 


"Ruggedized" mounting bases, 
equipped with Barrymounts of the 
above types, are available in stand- 
ard JAN sizes (JAN-C-172A) and 
in special sizes to meet customers' 
requirements. A conspicuous advan- 
tage of these “ruggedized” Barry 
bases is the gain in strength of the 
base framework itself — beyond JAN 
requirements — achieved with very 
little increase in weight for loads 
up to 60 lbs. by design modification 
of standard JAN bases. For greater 
loads, the “ruggedized” Barry bases 
are of stainless steel instead of 
aluminum. Write for data sheet. 





L 









PRODUCI 









New Parts and Materials continued 
Dielectric constant is 4.40 and sx 
cific gravity 15 1.49. Sheet size avail 
able at this time is 18 x 28 in. in thick 


nesses of ;';, 4, ;3;, 3, d and J inches 


Reversing Drum Switch 
For Small Motors 


This new, 
switch, 


compact reversing drum 
suitable for a variety of ar 
rangements in small 
equivalent of three-pole double throw 
switch. It is a small, simply designed 
switch for machines and equipment re 
quiring an across the line starting and 
reversing switch for a-c and d-i 
rated at two hp or less 

The housing is of bakelite, 


sho »s, is the 


motors 


and con 


tains eight fixed contacts, a moving 
assembly, 


contact handlecover plate 





assembly, and mounting screws. Con- 
tacts are cadmium silver alloys, reduc- 
ing maintenance. Flexibility in mount- 
ing is provided. Typical applications 
include drilling machines, lathes, mill 
ing machines, and laboratory equip 
ment. 

The switch, called the model 350 
style A reversing drum switch, is said, 
by the manufacturer, to be well suited 
for applications where space and cost 
are important factors. 


Allen-Bradley Q Milwaukee, W 


Foam Core Material Is Strong 


Corfoam, a new liquid phenolic 
resin foam core material, has a com- 
pressive strength up to 500 psi. When 
mixed cold, it will foam to a hard 
consistency without applied heat at 
room temperature. It is of honeycomb 
appearance with tiny globular, non- 
connecting cells, and has a density of 
approximately 14 Ib per cubic foot. 

Corfoam can be foamed in large 
masses without loss of cell control or 
undue shrinkage. It will not soften 
under heat and tests show it has excel- 
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We've done it for the nation's leading manufacturers in the auto- 
mobile, electronics, appliance, furniture and aviation industries. 


And that's only part of the story. Our field representatives, all trained 
specialists, work in close collaboration with your own engineering 
staff, solving particular fastening problems on the spot or, when 
totally new fasteners are needed, calling on United-Carr's Engineer- 
ing Department. Here, a group of design engineers whose experience 
covers the entire field of fastener engineering goes to work on the 
problem and relieves you of all the costly trial-and-error experimen- 
tation involved in designing a new part. 
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r Eip, 
] “i 






E sla sas 
Illustrated are a few of the thou- 
sands of specialized fasteners and 
7 
4 


r1 n i 


] 7 7, oe a, "0 ^ 
alitead devices designe: pr 


duced in volume by Unrted-Carr 


and its subsidiarte 


. . each tailor- 
made to do a par- 
ticluar job for a par- 


ticular manufacturer, 


they provide convincing proof of 


the versatilility and completeness 
of United-Carr service. If there 
are opportunities in your business 
to cut material costs, speed assem- 
bly or improve product performance 
with soundly engines red fa teners, 
you may be sure that United- Carr 
is equipped to find and develop 


them to your best advantage. 


UNITED-CARR 


UNITED-CARR FASTENER CORP., Cambridge 42, Mass. 


MAKERS OF 
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New Parts and Materials. . continue: 
FOR YOUR 


STAINLESS STEEL FASTENERS... 
ws ALLMETAL 


for quality | 
and 


delivery 












































lent insulating characteristics. It va 
the leading source for Stainless good adhesion to wood, paper an - 
Screws, Nuts, Bolts, Washers, on plastics and will not support com " 
Pins, Rivets. Mode right, Priced bustion Its moisture absorption | 
right. ”AN” and'Standard Types low. 
carried in stock. Phillips Recessed R W. Jef B | 
Head Screws ond Speciols avoil- Los An 6, ( 
able too. 
H 
Precision Speed Control la 
For Magnetic Drives 
WRITE FOR CATALOG F Offering accurate control of speed H 





MANU F ACTURERS SINCE 1929 with no maintenance problem, the new 





ESS Sr regutron magnetic amplifier controlle: | 
" = ee . * 1 
AN, netic drive unit, also produced by this 

A i SCREW PRODUCTS COMPANY, INC. company. The drive unit is an electro N 


"a i» [ í + thy "Vice 
Grent? 33 GREENE STREET NEW YORK 13, N. Y. magnetic torque transmitting device 
Loasseicisetsts mnis ERES edil 


which gives variable speed output \ 
when used in combination with a con 
— stant speed motor. 


























This magnetic amplifier control is N 
said to eliminate all the complicated ( 
\ 
14 sizes — 3⁄4” to 4" O.D. — in stock at all times i 
for immediate shipment. Facilities and engineering À 
skill immediately available for special specification ( 
| jobs 
’ 
| 
| 
i Specialists in Universal Joints for over 30 years, | 


Curtis offers more than just time saving availability. 
Made of the finest alloy steels, accurately machined 

with either solid or bored hubs — they may be 
easily applied to most universal joint needs, ranging 
from instrument controls to heavy steel mill appli- 
cations 


ONLY CURTIS OFFERS ALL THESE ADVANTAGES 


Availability — 14 sizes always in stock. 
Simplicity — fewer parts, simpler construction. 





electronic circuits of other amplifiers 
A saturable core reactor amplifier sys 
Government Tests — complete equipment for govern- tem, using non-moving parts gives ac 


—— — 


ment tests in our plant. curate stepless ontrol of speed to 
Write today for free ergineering within = 0.5 percent ol the speed 
C dato and price list called for. This sensitivity is obtained 


CURTIS UNIVERSAL JOINT co., INC. through a current amplification ratio 


1 of approximately 20,000 to 1. 

I BIRNIE AVENUE SPRINGFIELD, MASS. Adi EE iM I 

AdyjustabDle-Spe Magneti re 

As near to you as your telephone ium . EU I i Drives 

built in ratings of 25 hp and 
higher in the usual motor speeds. 


Electric Machinery Mfg. < 
Tyler St., N. E., Minneapolis 13, Minn. 


à ; 
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MEETINGS 


ry i 
Ly i 


PLANT MAINTENANCE |.CONFEI 
NCE & SHOW —Co ntion Hall 
"hiladelphia Pa 

ary 14-18 

SOCIETY OF AUTOMOTIVE ENGI 


NEERS— Annual Meeting, H Jua 
Book Cadillac Hotel, Detroit 


INSTITUTE OF AERON ICAL SC 
NCES ) 
Hotel N Y 

iry jd Fe 

AMERICAN SOCIETY FOR ME1 
Midwinter Technical Meetit NI 

Penn Hotel. Pittsbur p 


March 


INSTITUTE OF RADIO ENGIN 
Waldorf-Astoria 
Central Palace, New York 


— 
"T 
^ 


Mar h 3-7 


ASTM SPRING MEETING AND SYM 
POSIUM ON TESTING METAL POWDERS 
AND METAL Propucts—Hotel Stat] 
Cleveland, Ohio 


March 11-14 


SOCIETY OF THE PLASTICS ÍNI 
rRY—Fifth National Plastics Exposi 
tion, Convention Hall, Philadelphia 
Pa 
March 17-19 

FLUID MECHANICS—Second Mid 


western Conference, Ohio State Un 


versity, Col mbus. Ol ) 


March 17-21 


AMERICAN SOCIETY OF TOOL EN¢ 
NEERS— 195 Industrial Expositio 
International Amphitheater, Chicago 


Il] 
March 18-19 


STEEI FOUNDERS SOCIETY OF 
AMERICA—Edgewater Beach Hotel 


Chicago, III 


April 1 i 

t 

AMERICAN MANAGEMENT ASSOCIA 
TION PACKAGIN( SHOW Atl 
City, N. ] 
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looking for someone 





to place painted phenolic parts 


in your hands? 


Plastic Research Products’ services include much more 
than mass production facilities for pre n molding. With a 
job such as this painted phenolic RCA radio cabinet, for 
example, P R P does a complete job. We are one of a very 
MEN few firms in the industry equipped to produce the piece, paint it 
i and bake it in our own big-capacity ovens, thus reducing 
es handling, breakage and extra-operation shipments. Our own 


E fleet of trucks and planes delivers the finished work right 


into your hands. If you are interested in A 
E g 
these extra services, write, wire or AY 
VN T 


telephone us for information 


> 
we 






when you look 


T for plastic moldings "T N. 
Re look first to 






Plastic 
Research 
Products LO 
Urbana, Ohio 










































YOU GET THESE 5 ADVANTAGES 


when you use Star-Kimble Squirrel-Cage Motors 


Sturdy construction. Frames through NEMA 364 are of 
rigid cast construction, with more internal ribs than are 
used in conventional design, giving added strength and 
better heat dissipation. Larger frames are made of steel. 


07 maintenance. Double-width cartridge bearings 


are prelubricated— need no attention for many years. 


Versatility of mounting. Standard NEMA horizontal, D 
Flange, C Face, P Ring. Motors through frame 320 can 
be made dripproof in any mounting position—simply by 
rotating end shields. 


Extra insulation. Safety factor is provided for possible 
rises above rated temperature—motor life is lengthened, 
maintenance reduced. 


9: design. Lines are smooth, with no dust- and 


irt-catching crevices. Fewer basic parts—greater inter- 
changeability. Basic parts stocked for immediate shipment. 


Star-Kimble Squirrel-Cage Motors are available in NEMA frames 
203-505, and in NEMA Designs “B”, “C” and “D.” Also in 
larger sizes. Write for Bulletin B-201. 


*Demanded by industry for 
tough start-and-stop jobs 


KIMBLE 


MOTOR DIVISION OF 
IEHLE PRINTING PRESS AND MFG. CO. 
211 Bloomfield Avenue Bloomfield, New Jersey 
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Application and Function of 
Gear Oil Additives 


Abstracted from Lubrication, April 1951 
Published by The Texas Company. 

A GEAR OIL ADDITIVE may be defined 
as a chemical compound which either 
imparts new properties to the lubricat 
ing mixture or enhances the proper 
ties which the oil already has 


In the formulation of gear lubricants 
the additives generally used fall into 
fairly well defined groups depending 
on the type of gear and the conditions 
of operatiot involved 
Type 1—No additive 

Straight mineral oils give satisfa 
tory service On many types of gears 
under normal operating conditions 
light load and low or high speed 
Type 2—Non-corrosive type, sulphur 
ized fat additive. 

A gear lubricant containing a sul 
phurized fat such as lard oil is speci 
fied for spur, bevel or spiral bevel 
gears for “run-in” or “break-in” pur 
After the initial fill a straight 
mineral oil is specified for normal 
operating conditions. 

With sulphurized fats, it is intended 
that sulphur be available to prevent 
welding by forming iron sulfide at 
the metal to metal peak contacts. The 
sulphur must be sufficiently stable to 
prevent staining of copper and brass, 
hence the “non-corrosive” designation 
Type 3—Non-corrosive type, lead 
soap, sulphur, phosphorous, polar 
agent (optional) 

This class of gear lubricants is in 
tended for many types of gears operat 
ing under conditions of high load 
and/or speed. The additives must be 
chosen to be active chemically under 
these conditions. Welding at high 
temperature is prevented by the forma- 
tion of an easily sheared film of iron 
and lead sulfide and also by the forma- 
tion of a low melting point phos- 
phorous alloy. In this manner, welding 
is prevented over a range of operating 
conditions. Oftentimes, the mere pre- 
vention of welding is not sufficient 
for satisfactory lubrication and a polar 
compound must be used to reduce fric- 
tion and afford acceptable operating 
temperatures. 

Type -Corrosive type, lead soap, 
active sulphur 

The olanik of the hypoid gear 
by the automotive industry for high 


poses. 
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i 
Look at the picture just above. This shows | 
a cross-section of a Security Locknut. The 
insert, indicated removed and shown 
above the nut, is of high quality, heat 
treated, alloy spring steel and becomes a | 
permanent part of the nut. | 
The insert acts purely as a locking de- | 
vice. The load is borne by the nut, not the | 
insert. The insert is elliptical in shape and | 
this design causes the retainer to grip the 
bolt with the terrific tension that only | 
spring steel of great P 
strength could exertand STECIAL OFFER es on ou 
prevent the nut from ance figures. Ask for a Security 


: s Thread Tolerance Chart. Just 
turning. Simple — de- spin the dial and you hove the 


pendable—positive! figure you need. Send the cou- 
pon. It's yours for ihe asking 
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a NEW FASTENER 


YOU CAN'T SHAKE LOOSE! 


Em is no other fastener or lock nut like this! No other 
fastener or lock nut will do what a Security Locknut will do. 
If you were to design a lock nut it would have the features of 
Security. It stays put where you wrench it even in face of 
vibration that would wreck the bolt. 

It does not require bolt tension but stays in place on a 
loose bolt. It can be readjusted, removed and replaced, not 
15 times, not 100 times, but avy number of times without 
materially reducing the torque or locking power or injuring 
the bolt. It is a complete unit—no extra parts to slow up in- 
stallation—nothing to line up—nothing to shear—no threads 
to cut—just a simple nut, made perfectly to specifications for 
standard bolts. 

Once in place no Security Locknut has ever been set 
spinning. It is vibration proof. 

Authoritative tests have proved conclusively the gripping 
power of Security Locknuts. We'd like to have you see the 
results of these tests. If you have a vibration or fastening 
problem, Security Locknuts are the dependable, positive solu 
tion. Made in 3 to 23/, in. bolt sizes, both U.S. and SAI 
threads. Ask to see the anth Locknut tests. 


SECURITY LOCKNUT CORPORATION 


LE North Ave. and 15th Ave., Melrose Park, lil. 


SECURITY LOCKNUT CORPORATION 
North Ave. and 15th Ave., Melrose Park, II! 


Please send me without obligation 
“L) One of your Thread Tolerance Charts 


Zone Stote 
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HAYDON 


AT TORRINGTON 





HEADQUARTERS FOR 


TIMING 









SYNCHRONOUS TIMING 
MOTORS and TIMERS 


e ‘Undustriial 
e Wilitary 
400 Cycle Motor * 


HAYDON*" research and engineering staffs constantly 
seek to develop new and build better products. One 
example is the HAYDON 400 cycle timing motor. This is 
an hysteresis type synchronous timing motor, for use as 
a separate motor or in many different types of timers. 
HAYDON personnel and plant are equipped to build 
motors and timers using D.C., 60 cycle or 400 cycle for 
military or civilian applications. 


HAYDON manufactures a wide range of dependable timing 
motors notable for their small size; quiet operation; total en- 
closure; separate systems for controlled lubrication of rotor 
and gear train; ability to operate in any position. Standard 
speed range from 60 rpm to one revolution in 7 days. The 
HAYDON motor is the basic element for standard timing com- 
ponents and custom-engineered timers designed and manv- 
factured by the company for volume applications. 


DESIGN INFORMATION 
HAYDON will gladly send you 


technical data on request. 






* TRADEMARK REG. U. S. PAT. OFFICE 


HAYDON Manvfacturing Co., inc. 


Subsidiory of GENERAL TIME CORPORATION 
3125 ELM STREET 


TORRINGTON CONNECTICUT 
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speed low torque condition requ 
a gear lubricant that would pr« 
welding where gear tooth pressur 
high, coupled with a pronounced 
ing effect. To do this it has 
found necessary to choose additiv 
prevent welding but—the tempera 
and rate of formation of the e; 
sheared film must be regulated 
controlled. This can be done by us 
a lead soap and active sulphur. 1 
class of gear lubricant causes a h 
wear under high torque—low sp 
conditions. The active sulphur 
bound in a rather loose chemical m 
ner and controlled to be available 
the required temperature and in 
proper amount. When present at t 
high level of activity copper will sta 
This type of lubricant is particula 
effective when shock type loading 
factor. 
Type 5 
sulphur, phosphorous 

With the widespread application 
the hypoid rear in passenger car 
truck service—high speed low tor 
and low speed high torque conditi 

it was necessary to modify 
lubricant described in (4) to acc 
modate the more severe conditions of | | 


Non-corrosive ty pe, € hlor 


tooth pressure, wiping action and ti 
perature and to prevent wear 

In the formulation of lubricants ! 
this service, additives containing chl 
ine, sulphur and phosphorous are 
ployed. The essential variation fri 
(4) is that the formation of 
chloride which prevents welding 
catalyzed or speeded up by severe « 
erating conditions. The role of phi 
phorous is similar to that previo 
desc ribed. 
Type 6—Non-corrosive type, lead so 
sulphur, chlorine, polar 
(optional) 

This type of gear lubricant is simi 
to that in (5) since the lubrication o! | 
hypoid gears is the primary purpo 
From an additive standpoint the pr | 
cipal change is the inclusion of a lc 
soap and the omission of phosphoro 
There is evidence that it will hand 
more severe operating conditions th 
the conventional Universal Gi 
Lubricant. 

This difference can be shown in « 
trolled road testing procedures. It | 
been found that a lubricant which w 
give satisfactory service in a seve 
road test involving a 14 ton tract 
trailer unit (24,000 pounds gross) « 
erated at 19 MPH average over mot 
tainous terrain for 3000 plus mi 
will not necessarily pass 2-105B 
quirements. This statement is 1 
made from the standpoint of criticis 
Instead it is believed to support t 
theory that gear lubricant additi 
must be chosen on the basis of che: 


« ompo 
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Ground and Polished STRESSPROOF has been used for lead and 
feed screws by Kearney & Trecker since 1939. If STRESSPROOI 


OPERATIONS f were not available, they would need a .50'; carbon-allov steel to 


obtain the required strength and wear-resistant properties. The sub- 


ELIMINATED stitution ef allov would require quenching and tempering, straight- 


ening and finish grinding—operations not necessary with Ground and 


Polished STRESSPROOF. The cost of the part would be more than 
I " QUENCHING doubled. 
f € TEMPERING For precision work, lead and feed screws for machine tools must 


maintain their accuracy through years of operation. Ground and 
Polished STRESSPROOF cuts cost for these exacting parts because 


@ STRAIGHTENING 


i @ FINISH GRINDING it provides five qualities in the bar—(1) high strength, double that of 
» ordinary cold-finished shafting: (2) machinability, fully 50^; better 


than heat-treated allovs of the sam« hardness: (3) high resistance to 





wear, replacing many heat-treated or carburized alloys: (4) minimum 
warpage, obtained by special processing; and (5) accurate, finely ground 

















surface. 
Z It is significant that the only suitable substitute for STRESS- 
i ) à PROOF is an alloy steel requiring many additional expensive pro- 
duction operations. 
N STRESSPROOF 
IS PLAYING A VITAL ROLE 
IN NATIONAL DEFENSE! 
A very large proportion of 
STRESSPROOF produc- 
j tion, today, is going into STEEL co. 
[ defense jobs. However, 
S sample bars are available 
t for testing purposes. 1430 150th Street, Hammond, Indiana 


Manufacturers of the Most Complete Line of Cold-Finished 
and Ground and Polished Bars in America 
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ALLOY STEEL UNNECESSARY! 
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STANDARD CLAMPS. FOR 


HEATING 
SYSTEMS 


\ 


p RE 


For ALL 
Ce 
Connections 


Any ducting problem in low pressure heating 


stems can be solved by a standard €— 
V-Band Coupling and its integral welded — 
The small type coupling (Series cue : LN 
for diameters from 4" to 8" and the = e 
(Series #4451) for diameters of ien 2 ^ 
will withstand temperature ranges 0 


j s of 2.5 p.si. and 
50°F and operating pressures 
itn a highly efficient lightweight seal. The 


] ro- 
patented Quick Coupler type latch speeds p 
duction and simplifies maintenance. 


. E-1 
FOR INFORMATION, WRITE DEPT. E 


ARMAN 


PRODUCTS CO, /nc. 


940 W. FLORENCE AVE. 
INGLEWOOD, CALIFORNIA 
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Engineering Abstracts...... continue 


ical activity and this property must | 
fitted to predetermined operating co 
ditions to obtain best results 


Problems of Plating 
Powder Metal Parts 


Abstracted from “Problems of Plati 
Powder Metal Parts” by J. D. Shaw 
W. V. Knopp and C. L. Clark, Metal Fir 
ishing, November, 1951 

THE PROBLEMS ENCOUNTERED in à 
tempting to plate a metal powder pa: 
are numerous, and this discussion mus 
therefore be somewhat limited. In th 
course of practical application of plat 
ing processes to powder metal part 
other problems will arise which are nc 
covered herein. 

The types of powder metal part 
can be broken down into three general 
classifications. These may be called 
for simplicity; (a) porous parts; (b) 
dense parts and (c) intermediate parts 

If porous parts were to be plated 
(which fortunately is seldom required ) 
it would seern more feasible to plat: 
the particles of powder, if possible 
rather than to plate the finished object 
Even under optimum circumstances, a 
considerable percentage of the voids 
would be covered during any plating 
operation, and this condition would 
result in an impairment of the actual 
functions of such parts. 

Since it is an advantage to have as 
much open network within such com 
pacts as is feasible, if it is necessary for 
these products to be used in a corrosive 
or erosive atmosphere or liquid, expe 
rience indicates that they should be 
made of corrosion or erosion-resisting 
powder materials, rather than depend 
on a plated surface for these properties 

The job of plating completely dense 
structures is no different from that of 
plating a cast, wrought, forged or 
machined part. In other words, plat- 
ing of a powder metal structure with a 
dense surface would be handled by th: 
same technique as would the plating 
of any massive part. 

Parts of intermediate porosity arc 
the ones which are not intentionally 
porous, but which do have a certain 
degree of porosity as a result of the 
practical limitations placed on the pro- 
cessing (which means they may be any- 
where from 85-950 of theoretical 
density) and because they must be 
made at a relatively low cost and from 
a relatively inexpensive material. In 
this category would fall the so-called 
powder metal machine parts, the parts 
which are being substituted on a 
straight cost basis for parts made by 
other processes. These machine parts 
not only have porosity within the com 
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Q t€ Co. 1951 


PROPER DESIGN IN 
WELDED STEEL ALWAYS 


motor housing. Required 90% more 
machining. Weighed 175% more 


Fig. 1. Original Construction of gear 
than welded steel. 


IMPROVES PRODUCT 
AND LOWERS COSTS 


‘911M JO [J29 2231s pap[o^ 
qiia 31j303q ULI NOÁ moy ^Oqus 0) s729u81s3p 
jJnOoÁ q^ xX1JO0^ Á[pe[3 [[r« 3232u:8u03 Surp[o/N 
uJo2urT y 's12npoJd posodoad pue 1u2$21d Ino jo 
Áuv*ui uo 3|qrssod Á[payqnopun a7? sSuraes Je[rumgs 


"uot Áv38 ur 31505 [vurg 10 
oui jo j[eu moqe 10j yuawWdinba ayqeiedwos 
jno suJnj dous 1no *Surxvods Á[oanvaA10suo?) 


'paieururro uaoq seu poumbo:z Á[12u110j 

oun Sururqovu og) jo 3u22 19d Á13UIN *p 
* J3I$?2 MOU SI SaTOY 

3ioq Sununour jo Sunv»o[o1 ayi ‘ajdwexa Joy 
'Saurgoeur [er»ods uo osn 10j o[qvidepe 230uj 
91* sj2npoJd ino *uononujsuoo pop[2^4 uA *£ 


's191[d dns 01 9412*31)* 10U SA torQA puer suSis 
op [eur 110 1no uo pornboa f[120110J 4104 3102 
JOJ puewap aug Sunvuruio Áq soroar[op uo 


costs "prepaid" by manufacturers, 


Fig. 2. Present Weldesign in Steel. 
Costs 5095 less. Further saves shipping 
using the product. 
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Machine Design Sheets are available to designers and engineers. Simply write on your letterhead to Dept. 31 


THE LINCOLN ELECTRIC COMPANY 


CLEVELAND 17, OHIO 
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"Mevible METAL 
COUPLINGS 


FOR POWER TRANSMISSION 
REQUIRE NO MAINTENANCE 


Patented Flexible Disc Rings 
of special steel transmit the 
power and provide for mis- 
alignment and end float. 


Thomas Couplings have a wide 
range of speeds, horsepower 
and shaft sizes: 
'^ to 40,000 HP 
| to 30,000 RPM 


Specialists on Couplings 
for more than 30 years 





f Ay 
4 CROSS. py, 
ay are eliminated 


lubrication is 


PATENTED nof required) 


FLEXIBLE 






THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS OF MISALIGNMENT, 


NO MAINTENANCE PROBLEMS, 
ALL PARTS ARE 
SOLIDLY BOLTED TOGETHER, 


Write for the latest reprint 
of our Engineering Catalog. 


THOMAS FLEXIBLE 


COUPLING CO. 


WARREN, PENNSYLVANIA 
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€ ontinued 


pact, but they also have a certain 
amount of surface porosity 

In most cases, it is not practical from 
a cost standpoint to coin these parts 
in order to close over this surface po- 
rosity. A number of methods have 
been attempted for plating such parts, 


with most of these methods being 


| based on closing the surface porosity 
| by some means so that plating can be 
| done over the surface without penetra 


tion of plating solution into the pores 


of the compact 


ing the surface of a compact include 


The methods of clos 


those of physically working the sur 
Lact 


pound, and of heat treating the com 


of coating it with some com 


pact to fill up the surface voids and 
make the part amenable to convention 
il plating. 

category in metal 
powder parts is the intermediate one 


1 
Since the largest 


where there is unintentional porosity, 
parts of this type have received the 
greatest attenion in respect to plating 
Articles have been written describing 
methods which are used in practice; 
(a) that of heat treatment of the sur 
face, used for ferrous parts and (b) 
that of mechanically working the sur 
face, for brass powder parts. Both 
methods have been used with some 
degree of success, although both are 
fairly new. These two methods are 
briefly described in the following para- 
or iphs 


One process suggested ot plating | 


I 


+ + l + 
powder metal parts directed toward 


eliminating the '"spottin 
on normally encountered. The meth 
ods MI! l invol 


ve heat treatments to 
remow resi lual plating salts. 


In his 
lescription, he states that the plating 
of porous metal parts involves a num- 
ber of special problems among which 

(1) pressed and sintered parts 


1 


g out” condi- | 


have a velvety rather than a glossy fin- | 


h, due to their irregular surface, and 


the surface porosity makes it difficult 


to obt un a uniform deposit of plating | 
I t é 


metal, (2) the difficulty of completely 
caling the surface of such parts by 
plating them ind (3) the danger of 
rnal corrosion caused by entrapped 
juids or salts from the electrolyte 


A proprietory method of plating 


powder metallurgy parts calle 1 “Eto 


| 
| 


lizing was developed to overcome | 


these difficulties. Actually, three meth- 


ods are possible; 1. the electroplat- 
ng of a "green" unsintered compact 
followed by washing, a neutralizing 
cid lip if require 1, and then sinter 
ing he ompa in the conventional 
r, 2. the short presintering of a 

gree! ompact to increase its hand 
ling rength and clean its surface 
followed by electroplating, washing 
and dipping if required, and finally 
| ting the « impact to the full sin 
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precision 


metal parts 777 


made by 
TORRINGTON 





Low cost for precision quality, fine 


finish, uniform heat treatment is as- 
sured by our hizh productive capacity 
and special equipment. 

Typical of a wide variety of parts 
are special rollers, shafts, studs, dowel 
pins made to order. Chamfer, radius, 
aper, hemispherical and other styles 
ef ends. Rollers from .014” to .500” 
diameter. Centerless ground .040” to 
500"; diameter tolerance +.0001”. 
Finish as fine as 3 micro-inches. Dowel 


pins from .0625" to .3125". 


We are also set up to make such 
parts as surgical and dental instru- 
ments, pen and pencil barrels, solder- 
ing iron cases, spec ial needles, instru- 
ment shafts and pivots, screw driver 
and ice pick blades, knurled mandrels 
or spindles, etc. 

Send your prints and specifications 


today for prompt quotation. 


THE TORRINGTON COMPANY 
Specialty Department 
554 Field Street ¢ Torrington, Conn. 


Makers of 


TORRINGTON 1//7/; BEARINGS 
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neering Abstracts. . continued | 


ng operation, 3. the electroplating 
a fully sintered part, and then a 
t heat treatment to volatilize resi- | 

í salts from the pores. Essentially, 
; claimed that method 1 can be used | 
high and heavy section parts and 
s particularly adaptab ye for parts 
ich are to be oil impregnated for 
f-lubrication. | 
SCOTT describes work conducted on 
iting at The Illinois Lock Co. The | 
rts plated were brass lock parts | 
ich were given a chrome plate. | 
The porosity in the metal powder | 
rts is reported as the main source 
difficulty encountered. Reduction 
the surface porosity by impregna- | 
' yn, re-coining and hand or mechan- | 
burnishing were found to be im | 
| 








ictical from a cost standpoint. The | 
two o types of trouble caused by porosity 
were eliminated by a set cycle and| 
resulted in successful plating of the | 
iss powder parts. | 
Ihe low conductivity of the metal 


xactly to specification 


wt was the most serious difficulty 


Wi ith low conductivity it was difficult — you can depend on it! 
to obtain uniform distribution and ad 

hesion of the nickel and chrome coat Besinsdsa with i t 

ings. A base coating of copper plate and processing id 
was used. compound ever tep 


The porosity also resulted in retained 
il and acid in the pores which makes 





extremely thorough cleaning methods nage 

necessary. If not thoroughly cleaned, controlled to t 
the plating will be attacked from un aint dades f 
lerneath immediately and the plate properties « for 3 
will soon flake off the z : pecificat 

Development work done at The 
Illinois Lock Co. eliminated these two This unusually complete contr 
difficulties by a cycle which included a is possible because Trostel 
base coat of copper and a variety of performs all of the producti 
leaning steps, all of which were care operations in both leat! 
fully controlled and rubber — tanning, 

A third article of considerable in compounding, impregnating 
terest was that prepared by Graham molding, pilot testing 
Pinkerton, Anderson and Reinhard even the production t 
These co-workers studied the plating designed and built withi 
of powder metal parts at the New Jer the Trostel organizati 
sey Zinc Co. by running a series of The result is a better packing 


preliminary tests on the plating of 
85 15 brass parts with nickel-chro engineered and produced 
mium ,and copper-nickel chromium Sod i dala oniki 

The chief difficulties were "drag-out," 1 

i.e. contamination of plating baths by 
naterial retained in the pores of the We invite your inquir 
ompact, and "spotting-out," i.e. cor- 

rosive reaction between the electrolyte 


or oil seal specifically 


requirement 


. : age. * 9 CONS f M AN 
etained in pores and the plate. These ALBERT TROSTEL & SONS COMPAN 
lithculties were attacked, with varying | General Offices and Packings Division e Milwaukee 1, W 
egrees of success, by the following | Sales Offices: Houston * Los Angeles © Worcester Ma . rra " 


teps in various combinations: 

A. Mechanical Working of the Sur- 
fun 

B. Elaborate Cleaning and Rinsing 
( E 


C wc Plating 


a SYNTHETIC SYNTHETIC 
D. Bu ing of C opper Plate RUBBER RUBBER 
E. C opper Cleaning Mare dei Olt SEALS 
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Laminated shims peel off in .002” layers 
for adjustment purposes and thus provide 
c variable spacing device in the assem- 
bly of machinery components. 


Laminated shims represent sound design and engineering 
practice. They meet the acid tests of speeded production, 
lowered costs and field performance. 


Today the health of our economy—and the reputation of 
an individual business—can depend upon a relentless search 
for time and money-saving methods. 






Eie RO 2 = Be i ia i tea COSE 
I z AA a ar des cos ciet tado on ta etn sid 





.002 inch accuracy with 
easy machining tolerances 


up to 30% reduction in 
assembly time 


spacing adjustment at the 
job without precision 
grinding or machining 


a built-in adjustment for 
take-up of service wear 


We're going at top speed working on the defense 
program. Whether we can help you now—or whether 
you're just thinking of long range economies, send 
for our free Engineering Data File. 


IX 


LAMINATED SHIM COMPANY 


INCORPORATED 


CUSTOM SHIMS SHIM STOCK STAMPINGS 


1401 UNION STREET GLENBROOK, CONN. 


250 
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contin 


F. Plating with Nickel or Nick 
Chromium 

The test results, which were so 
what inconclusive, are summarized 
Graham, et al. as follows 


1. The procedures described app! 
to 85-15 brass 

2. The actual plating area is m 
larger than was calculated 
cause of voids and surface por 
ity, as was demonstrated wl 
an attempt was made to plat 
a predetermined thickness. 

3. Variations in compacting press 
were not found to be import 
although slightly denser « 
pacts were more troublesome 
process successfully, probal 

because of greater difficulty 

cleaning and i 

smaller pores 


rinsing relatis 


i. The following precautions w« 
investigated in an attempt to p: 
vent "drag-out" with conseque 
contamination. of plating sol 
tions: 

a. Prolonged cold water rinsi 
(not satisfactory). 

b. Alternate hot and cold wat 
rinsing (better than (a) 

c. A weak neutralizing dip pric 
to hot and cold rinsing w 
most effective in reducing 
"drag-out" and also aided 
preventing "spotting-out." 

It was found that "drag-out" wit 
standard untreated specimen may | 
ten times that with a similar pie 
treated to reduce surface porosity. 

It was found necessary to use a good 
anodic alkali cleaning agent in th 
cycle if pores were to be cleaned effc 
ively. 

The following methods of closing 
surface porosity were investigated: 


1. Impregnation—cost made it in 


practical. 
2. Mechanical Working 
A. Hand brushing 
B. Re-pressing 
C. Ball burnishing 
D. Polishing or buffing 
It was found that (D) was mos 
effective, followed by (C) and (B) i: | 
that order. | 
It would seem that a plating tech 
nique for porous powder metallurg 
parts must be worked out for ea 
individual case. The porosity of th 
powder metal part is the factor tha 
creates the problem in the platin; 
When the conventional plat 
ing techniques are used, two types « 
difficulties are encountered; a) th 
porous part is low in conductivity 
which makes it difficult to obtain 
uniform distribution of plating, an 
b) the retention of oil and acid in th 
pores results in “‘spotting-out”. 


C tfe tiv C 
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DESIGN POTENTIALS 





HL Zinc and Aluminum 
i DIE CASTINGS 


Gear centers, bolt holes, strengthening ribs, bosses, lugs 





and cavities are all included in the frame die casting here 
illustrated. 


The Madison-Kipp die casting process is ideal for pro- 
ducing the "special" shapes that offer the designer such 
marked manufacturing advantages and often at substantial 

| savings. Please send all inquiries to our home office in 
Madison, Wisconsin. 


: MADISON-KIPP CORPORATION 


s 06 WAUBESA STREET, MADISON 10, WIS., U.S.A EPEE T E I P 


ANCIENS ATELIERS GASQUY. 31 Rue du Marals. Brus- 
sels, Belgium, sole agents for Belgium, Holland, France 
and Switzerland 


WM. COULTHARD & CO. Ltd., Carlisle, England. sole 


Par a et oe TL PM 


o Originators of Really 
agents for England, most European countries, India, Aus- DT L4 1 AIR TOOLS 


tralia, and New Zealand 
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STEEL MERCURY TIMERS 


Dependable Hydraulic Seals 


Minnesota O-Rings function in air or gas 
systems as well as in hydraulic systems. Air 
cylinders . . . bydraulic valves . 
mechanisms . 
machines . 


. . hoisting 

water pumps . . . bottling 
. refrigerators ...motors.. 
lubricators . . . are a few of their uses. 
Minnesota’s exclusive injection process makes 
possible very close dimensions, uniformity 
in mass production and downright economy. 
We use special compounds of synthetic rub- 
ber to meet your exact requirements. Let us 
make a quotation on your next hydraulic 
packing installation. 


Manufacturers of 
all types of small 
rubber parts 


Write for O-Ring Catalog 


MINNESOTA RUBBER & GASKET CO. 


































Y» 
e 


o 









Diagram shows 
typical installations 


3634 WOODDALE AVE. 
MINNEAPOLIS 16, MINN. 
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Ad Libbing By The Editor 


Many years ago I heard a splendi 
talk. It was while I was a sophomore 
at college. Many of my learned a 
quaintances at that time vowed tha 
it was wonderful. The talk was giver 
by a Bishop of some city or another 
and I don't even know whether he 
was a Catholic Bishop, an Episcopolian 
Bishop or a Methodist Bishop. I have 
forgotten everything about that talk 
except one statement which the speaker 
repeated again and again. The stat 
ment was something like this: “This 
country is in great need of an aristo 
racy of brains and without such an 
aristocracy this nation will deteriorate 
That statement was made in about 
1910. Many people claim that the pro 
phesied deterioration has already be 
gun. In my opinion it has 


More Brains Indeed 


It took quite a while for me to un 
derstand what the good Bishop meant 
by an “aristocracy of brains”. The 
generally accepted meaning of an aris 
tocracy is a ruling class. However, 
aristocracy also refers to groups of peo 
ple who have outstanding qualities of 
some type or other. For example, 
according to Webster, aristocrats are 

Those who are superior to the rest 
of the community as in wealth, rank 
or intellect". The Bishop emphasized 
intellect 

There are many men who have 
brains but not all of them have intelli 
gence. Undoubtedly the good bishop 
referred to an aristocracy of brains 
combined with intelligence. That 
would be the definition of outstand- 
ing men who are not only smart but 
ise their exceptional brain power for 
constructive purposes 

It seems that today there are tre 
mendously strong influences putting 
pressure upon men, especially those 
who should be of highest integrity, to 
accept lower moral standards, to give 
support to unwise movements or to 
espouse a certain cause Of question- 
able character. Too many men, espe 

ially among those holding political 
othce, have yielded. Often such de 
moralization can be traced to the de 
sire of the individual for rank and 
power. Demoralization thrives best 
during periods of “prosperity,” false 
though the prosperity be. As Gold 
smith put it, “Ill fares the land to 
hastenings ills a prey, where wealth 
accumulates and men decay.” 

Rome is still the Eternal City but 

















































































without increasing 
horsepower 


On most presses and in many 
other applications, pressure 
requirements change during 
the operating cycle. The Ra- 
cine "Variable Volume" low 
pressure pump with a Racine 
Pressure Booster can be used 
to develop and hold up to 
5000 psi. The horsepower in- 
put does not exceed the power 
needed to operate the pump 


at its low pressure setting. 


This means lower first cost, 


less horsepower consumption, 
reduced cylinder sizes — a OPERATING ECONOMIES — The Colored area in 


grapl below shows the horsepower lost durine one hold 

more compact over-all design. ing cycle of a simple press circuit using a constant volume 
P i pump. The black area shows the horsepower consumed 
ressure and volume delivered when a Racine "Variable Volume" Pumb and Presse 


can be controlled by one of Booster is used to do the same work 





the built-in governors that 
are standard for all RACINE 
pumps. 


WASTED 
HORSEPOWER 


INPUT HORSEPOWER 


Write for new 3-color Catalog P-10-D 
covering RACINE’S complete line of 
"Variable Volume” Pumps, Valves and 
Pressure Boosters. 


OTHER 
RACINE 
HYDRAULIC 
PRODUCTS 


RACINE TOOL AND MACHINE COMPANY 


1772 State Street, RACINE, WISCONSIN, U. S. A. 
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T 
dependable 


The fact that so many 
manufacturers find 
there are Pheoll stock 
fasteners that meet ex 
act needs — makes 
Pheoll stocks the one 
source for you to depead on, too. Our wide 
rangc of sizes, metals and finishes simplifies 
assembly problems; speeds production—because 
fasteners that fit, make jobs go faster! 


Pheol| rolled threads 
and cold formed heads 
provide maximum 
structural strength to 
meet stress and strain. 
Snug 


thread mating 





surfaces assure greater 


contact with more lasting grip—adding life 


and service to your assembled products 


The extra fine head 
and thread finish of 
Pheoll quality fasten- 
ers improves the sala 
bility of your product. 
They help “dress up” 
the job! You can select 
from a wide variety of attractive head types in 





screws for metal, wood and plastics—nuts with 


single or double chamfer in various metals 
and finishes 


Write for Additional Information and Price List 


* [MAKE PHEOLL YOUR SOURCE 
FOR: Semst © Thread Cuttin 
Screwst © Threaded Rods è W. 
Screwst * Machine Bolts * Cap 
Screws * Stove Boltst * Thumb 
Screws * Machine Screwst 





tFurnished in slotted 
ond Phillips Recessed Head Types 


T 
FP 


SCREWS œ NUTS 


BOLTS 








NE. soo is cactacde baw continued 
the empire of which it was the the 
capital has er gene Its decline 
began at the peak of its prosperity. 
Wealth had softened the individuals 
both physically and morally. Abuses in 
the distribution of the ever increasing 
public charity funds sapped the nation 
of its vitality. Candidates for re- 
election to political office squandered 
public to buy votes and thus 
assure victory at the polls. The work 
and sacrifices involved in raising a 
family in the face of ever increasing 


funds 


taxations, the desire for easy living, 
plus indolence and love of 


luxuries 
caused childnessness to become general 
among the upper classes. 

Of course such things couldn't pos 
sibly happen in the U. S. A. And he 
who dares to predict it would be 
scorned and laughed at. A favorite 
trick is to read a passage predicting 
the downfall of the nation and then 
point out with smug satisfaction that 
the passage had been written hundreds 
ot years ago 
that one 


The Romans invented 
And of course in Rome 
also, any citizen who dared predict the 
fall of the Empire would have been 
laughed at. In fact, the Roman Empire 
fall. It slowly disintegrated 
and vanished off the earth, just dried 
up and blew away, one might say 
The pages of modern history tell 
the story of the disintegration of Spain, 
of the decline of France to a third 
rate power and the gradual shrinking 
of the British Empire. In every in- 
stance 


did not 


the causes were the same: ex- 
cessive wealth; easy living, squander 
ing of public funds; lowering of moral 
standards; graft; corruption; waste 
and dishonesty in government. Is it 
logical to believe that the same combi 
nation of facts and circumstances will 
not bring the same results? The nation 
needs an aristocracy of brains and in- 
telligence which will steer it back to 


the faith of our fathers 
Initiative 


It is amazing how many people will 
fail to do what they really want to do 
intil they are driven to it. In a high- 
way accident a large four-door sedan 
was knocked over on its side. It 
blocked all traffic. A man was at the 
wheel, two middle aged ladies in the 
back scat. A crowd of gaping specta- 
tors from the stalled cars quickly gath- 
ered. The three people in the car 
struggled vainly to get out. No one 
did a thing to help them until a young 
man came along and a taking 
in the whole situation, shouted, "Come 
on everybody, let's help the people to 
get out." A dozen or so men stepped 
forward with enthusiasm. They im- 
mediately righted the car, rolled it to 
the side of the road, used newspapers 





PRODUCT 






GAST 
AIR PUMPS 
Mls 
Yl. 


for Addressograph 
Products 





FEEDING MATERIALS at high speed 
often poses problems. On this Ad- 
dressograph offset press, for example, 
the feeder must deliver up to 7,000 
sheets per hour. 


HOW COULD THIS best be done? 
Tests showed that one Gast rotary- 
vane Air Pump would supply both 
pulseless vacuum and pressure for 
feeding paper. Gast Rotaries were 
then approved as standard on this 
and two more Addressograph Prod- 
ucts. 


COMPACT AND QUIET, they're 
most of all dependable. Vanes take 
up their own wear automatically — 
giving years of “like-new” perform- 
ance. Service-free periods often ex- 
ceed 5 years. 


YOUR PRODUCT PROBLEM may 
be vastly different — yet "Air may 
be your Answer!” Write for detailed 
information. 


Gast Application Ideas 
Booklet — showing 26 
design problems solved 
— sen? upon request. 


see our 
CATALOG 


Sweers Fie 


5» PODUC MCA 





Original Equipment Manufacturers 
for Over 25 Years 





MAP 
AIR MOTORS - COMPRESSORS - VACUUM PUMPS 


(TO Dont P (TO 30 081.) (TO 28 INCHES) 
GAST MANUFACTURING CORP, 139 Hinkley St., Beaton Harber, Mich, 
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MARION RUGGEDIZED METERS 


This amazing new family of Marion ruggedized electrical indi- 
cating instruments sets new standards of quality and accuracy in 
electrical measurement. Marion "Ruggedized" instruments give 
better performance in any application. Use them with confidence 
even where you never before dared use "delicate instruments." 
They exceed all JAN-I-6 requirements, are hermetically sealed 
and completely interchangeable with existing JAN 2!2” and 
312” types. 
Marion Ruggedized instruments perform perfectly under critical 
conditions of shock, vibration, mechanical stress and strain. 
Hermetic sealing makes them impervious to weather and climate. 


Send for our booklet on Marion Ruggedized 
Instruments. Marion Electrical Instrument Company. 


Manufacturers of 
Hermetically Sealed 
Meters Since 1944 


MARION ELECTRICAL INSTRUMENT CO., 401 CANAL ST., MANCHESTER, N. H. 


marion... meters 


MANUFACTURERS OF MARION PANEL METERS 
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Lo Fnac i ABE... 


FOR HIGHER EFFICIENCY 


in high - pressure oil - hydraulic circuits 





DENISON 


P2 0| WIPE 





Meet Circuit Needs to 5000 psi 


1. DENISON'S SURGE-DAMPING CONTROL elimi- 
nates shock without affecting other circuit functions! About 
the size of a garden-hoze nozzle, it is easily installed in any 


circuit. Adjusts automatically to any working pressure 
cts with split-second speed 


can't retard cycling speed. 


2. One of the many Denison high-pressure high-volume 
pumps for either constant or variable volume delivery. Vol- 
ume control by stem, handwheel, or pressure compensation. 
Capacities: 2 to 35 gpm. Simplified axial-piston design — 
rugged, dependable, highly compact 


S Spool sticking is eliminated in long-cycling, high-pres- 
sure operations by Denison’s pilot operated 4-way Solenoid 
Valves. Using system pressures to move the spool through 
either internal or external pilot action, they assure smooth, 


quick positive action under all conditions. 3/,” and 11/,” sizes. 


Denison has the answers to today S increasing needs for com- 
plete packaged power units built for long life and extra 
efficiency in high pressure oil-hydraulic systems of almost 
every type. Write for information on HydrOlLic Pumps, 
Valves, Controls, Pumping Units, Fluid Motors and other 
components or for recommendations on your specific needs! 


The DENISON Engineering Co., 1157 Dublin Rd., Columbus 16, Ohio 


Pumps and Controls 
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Pumps and Controls 





Sans Souci E cont 


to brush all the glass off the road 
soon traffic was roiling as usual 

young man who had initiated th: 
directed all the efforts but did no: 
other than that. He was the exec 

What about it? Lots. In an av 
crowd only one man out of tw 
has the personality and initiativ 
be a genuine self starting le 
Many people will do a job with 
thusiasm but not until they ha 
leader to start them going. Most 
ple find it more comfortable t. 
nothing. It is not that they arc in 
siderate or lazy. The gaping crow 
the automobile accident was prol 
waiting for a cop to come along 
just didn't occur to them to do the 
vious thing so that they could 
the road and continue on their v 
But as soon as the leader stepped í 
ward they all got to work. 

In business we have comparable 
uations almost daily Traditi 
methods and techniques hang on 
on because no leader steps forth 
challenge them. Man after man 
lows the meandering paths of his | 
decessors. Many of them are lack 
in initiative. Some of them lack 
courage or incentive. Many fear r 
cule. Of course only the leaders, t 
men with initiative, the men who 
not afraid to tackle new ways of do 
things, get ahead and become t! 
executives. 


Incentive Management 


Right along the same line we ha 
the question of incentive. About 
week ago I received a book, "Incenti: 
Management” written by James F. Lir 
coln, president of Lincoln Electr 
Company. The price is one dollar 


post paid. The first half dozen chap 


ters of the book are about incentis 
and the important part it plays in o 
daily lives. Most people know it b 
few have figured it out the way Jir 
Lincoln presents it in this book. Mr 
Lincoln rates incentive as the most in 
portant element in any activity 

Most people have the idea that t! 
most important incentive is mona 
In many instances money rates prett 


far down the line. In fact, if mone 


were the only incentive there wouldn 


be much urge for doing anything 


Recognition, the desire for praise 
pride of accomplishment, applause 
and many more elements are incen 
tives. Usually the total incentive is 
combination of such urging force 


Money may or may not be the most 


important 
Be sure to get your copy of thi 


splendid little book G.F.N 


It is impossible in a column like thi 
to really do justice to the book tha 
Mr. Lincoln has written 
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hoto Credit Omitted 


Editor 


The November, 1951 issue of 
RODUCT ENGINEERING Carries an ar 
le on pages 143 throug h 145 about 
‘lastic Molding Presses. One of the 
ain illustrations at the top of pag: 
i4 shows a cutaway drawing of a 
Watson-Stillman press 
This drawing was made tor the So 
yny-Vacuum Oil Co., Inc. at a cost 
Í approximately $2,000. It ran in 
ı Socony-Vacuum ad in Business Week 
nd other McGraw-Hill publication 
While Socony-Vacuum is — 
PRODUCT ENGINEERING was able 
o use it, the company feels that it 
should have been given some kind of 
redit reference JoHN H. OWEN 
New York, N. 3 


Ed—You may Þe sure that, if PRODUCT 
ENGINEERING had had any idea that 
this was a Socony-Vacuum amne 
would have been glad to give that 
ompany a credit line. As thin; gs stand, 
we will be glad to call attention to 
the fact that the illustration belongs 
to IL Vacuum Oil Company 
A special section titled ERRATA in 
which we acknowledge errors of this 
kind appears at the end of the Our 
Readers Say column 


Either Way 
Its Packing Standards 
Editor 


We have in preparation a catalog of 
Leather and Synthetic Packings (Cups 
Flanges, U's, V's, Oil Seals, O-Rings, 
tc.) for International Packings Cor- 
poration, afhliated with Graton & 
Knight Company, Worcester, Massa- 
chusetts. In this connection, we are 
preparing material covering various 
standard specifications such as 

JIC—Joint Industry Conference 

ASTM—American Society for Test- 

ing Materials 

AMS—A special committee of 

ASTM 

AN—Army and Navy 

MIL —Military 

KKL —Federal 


. doubtless there are others 


( 
i 


It occurs to us that you may have 
covered this entire subject or parts of 
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MERO AEQ IST 


with constant advancement in designs and methods 


DENISON 
Pumps and Controls 


Shown on Opposite Page are Typical Examples 


Applying the full advantages of oil-hydrauli "Ls rd to new 
requirements that play a major part in today s fast-moving indus 
trial progress, has been the work of a continuous research and 
development program at Denison for many vears 


As a result, press equipment has been reduced in bulk and com 
plexity its speed and efficiency have been increased for all 
types of production jobs and newly developed all-automati: 
control features slash costs even on short e production. jobs 
Pumps of improved design, with full emphasis on efficiency at 
high pressures, are now a reality. Greater accuracy has been incor 
porated into pressure controls for all types of circuit needs up to 
5000 psi. Tooling designs and methods that reduce scrap losses 
boost production rates and improve the quality of work are now 
in wide, daily use because of procedures developed at Denison 


Recently, special research in applying high-pressure hydraulics to 
new and bigger commercial and defense-production needs has 
brought remarkable gains in many phases of industry 


This continuing research program has made Denison a p ferred 
source for new, improved equipment, better methods, and advanced 
ideas — like the valves that eliminate hydraulic dedi and spool 
sticking, described on the opposite page. You can count on Denison 
for better hydraulic equipment. 


WATCH FOR NEW PRODUCTS TO BE ANNOUNCED SOON! 
The DENISON Engineering Co., 1157 Dublin Rd., Columbus 16, Ohio 


Oil-Hydraulic Equipment 


drOllica . 



























































how much is 


bearin 


d 


trouble 


rio Cet al, NINO riii 


affecting 


your 
products’ 


reputation ? 


It can you know and yet it is so easy to avoid machinery ineffic- 
iencies traceable to bearing failures. Just be sure to specify one of 
the MULTIROL full type roller bearing series. Each is designed for 
a specific kind of service and has proven ability to carry greater 
loads longer with more precision and less maintenance. Their 
dependability will help keep your machinery at its peak. Select one 
of the following types and write today for more details in the new 
McGill Bearing Catalog No. 52. 


Rollers Roll More Load 


TERRES 
^" o oc occ ccc 


hearings 
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It in some recent articles or at 
would be in a position to tell us wh 
we might pet additional informati 
We think 1 would be very helpful 
vive a brief outline of the make up a 
purpose of cach group so that both 
tomer and salesman would have a | 
ter understanding of what the syml 
stand for. It is always surprising hi 
little real information people ha 
about these things 

The company, of course, is gettii 
their information together also, | 
we naturally turn to you for up-to-d 
and authoritative information alor 


these lines H. F. KING, V 
Wm. B. Remington, 1 


Å 


Ed — We did carry an article on the JI! 
hydraulic standards in February, 194 
We also carried last year in Januar 
an article titled. "Designing for Mi 
tary Requirements." This listed ar 
diced the problems of milita: 
standards as well as federal specin 
tions. It did not, however, go into de 
tail on any of these specifications 

For detailed information on militar 
specifications, you should contact I 
Neville, Directer of Public Relation 
for the Joint Armed Services, Pentagon 
Building, or any of the agencies tha 
are listed in the article on designing 
for military requirements. The dire 
tor of the Frankfort Arsenal could 
probably give you as quick a rundowt 
on these specifications as you could 
get from Washington 

For federal specifications and stand 
ards, contact Hugh Odishaw, Assistar 
Director of Specifications, Nationa 
Bureau of Standards, Washington 
D. « For details on JIC standards 
write to Ralph A. Richardson, Head 
of Technical Data Section, Genera! 
Moters Corp. Development Laborator 
ies, Detroit, Michigan. Of course the 
standards of any one of these groups 
are very involved. The problem with 
all of them except for the ASTM is to 
facilitate purchasing of acceptable 
equipment. The ASTM has as its goal 
the establishment of standardized test 
ing procedures so that test data on a 
material obtained in one company can 
be correlated and compared directly 
with data that might be secured by an 
other investigator 


Draftsman's Delight 
To the Editor: 


An article entitled, “Drawing De- 
tails and Notations That Must Be 
Checked,” Table 1, intrigued our draft- 
ing supervisors to the extent that they 
all desire copies. 

Therefore, we herewith ask your 
















G IT’S Bros. covers the entire range of lubricat- 
ing devices: Oil Hole Covers, Oil Cups, Grease Cups, 
Bottle Oilers, Gauges. Gravity-Feed, Wick-Feed, 
Constant Level, Vibrating Rod styles. Threaded or 
Drive-type. Elbow or Straight. 


G IT’S Bros. offers the most complete selection 


of standard styles. 














GITS consistent quality in design, materials 


and machining has made Gits Lubricating Devices the 









standard for industry for more than 40 years. 


GITS Lubricating Devices are far-famed for 


solving tough oiling problems at low cost. 


G IT S Bros. Engineering Staff — true specialists 


in lubrication engineering — is at your disposal. 


Write today for free illustrated Catalog No. 60.A. Usi 
as your handy reference for lubricating device 


GITS BROS.MFG. (o. 


1838 S. KILBOURN AVE. + CHICAGO 23, ILL. 
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uud SEWALL SPKOCKETS 


right out of 
the catalog 
















TYPE A 





Plate Sprocket 
—no hubs 


























TYPE B 








Hub Projection 
one side 






















f TYPE C 


Hub Projections 









If your product calls for any of these roller chain 
sprockets as diagramed, the new Sewall Stock 
Sprocket Catalog can save you time and money. 


May we send you a copy? i 

















Sewall sales engineers will welcome 
your inquiry on any type of custom- 
built cut tooth gears... racks... 
all types of sprockets. St. Paul 


E 
SERVICE OFFICES IN ST. PAUL AND CHICAGO — 


TYPE D 


Plate Sprocket 
— cas! iron hub 

















1381 











- 







































NICHOLSON MAKES 


Freeze-Proof Steam Traps 
I for Every Plant Use 


Because they drain completely when cold, these four types of Nichol- 
son steam traps are positively freeze-proof. Can be freely installed 
outdoors. Universally recommended for use in lines which need not 
be in continuous use during cold weather, 
because they are freeze-proof and be- 
cause their 2 to 6 times average drainage 
capacity results in minimum heat-up time. 
The non-air- 
binding feature 
of Nicholson 
traps also nota- 
bly facilitates 
heat transfer in 
severe weather. 


£ BULLETIN 
Sizes 1⁄4” to 2”; 450 
pressures to 225 TYPE AHV TYPE AU 
Ibs. 200 OREGON ST., WILKES-BARRE, PA. 


TRAPS -VALVES : FLOATS 
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continue 


permission to reproduce Table 1 an 
circulate it among our drafting pe 
sonnel. WALTER M. SAI 

General Electric C 


Ed— We are very glad to extend to y 
permission to copy the table in tl 
Rowbotham article, ^"Engineerin 
Checkers Promote Economical Produ 
tion," that was published in the Jul 
1951 issue of PRopUCT ENGINEERIN( 

This was Table 1, “Drawing D 
tails and Notations That Must B 
( hecked.”’ 


Ceramics Acknowledged 
] | the Editor 


Your article on "How to Tackle Ma 
terials Substitution" in your Octob 
issue, completely omits technical ce 
ramics. 

There is no shortage in technica 
ceramics. Design engineers as a group 
have relatively little knowledge of 
where and how to use technical ce 
ramiıcs. 

In recent years, the better cerami 
makers have learned economically 
manufacture technical ceramics to close 
dimensional tolerances where the con 
tour lends itself to grinding. 

For hardness, heat resistance and 
total and permanent rigidity, technical 
ceramics usually offer superior per 
formance at lower costs. 

Technical ceramics are coming into 
increased use as reference plates, wear 
plates, thread guides, extrusion nozzles 
for pencil le ads, bs ittery carbons. 

Air-acid jet inserts, welc ling nozzles, 
burner tips, precision jigs or templetes 
for heat treating or induction heating 
Operations are common applications of 
technical ceramics. These of course in 
addition to the wide use of technical 
ceramics as insulators in electrical ap 
pliances, radar, radio, television. 

In general the weakness of technical 
ceramics from a design standpoint is 
their inability to withstand mechanical 
shock. But where mechanical shock 
is not a requirement, technical ce- 
ramics offer superior resistance to ther- 
mal or electrical shock. They are not 
affected at room temperature by alkalis 
or acids except corrosive fluorine com- 
pounds. 

If you would like technical infor- 
mation on technical ceramics I would 
suggest that you contact Mr. Hans 
Thurnauer, Vice-President, Research, 
American Lava Corporation, Chatta 
nooga 5, Tennessee. 

GEORGE W. POWER 
Chattanooga, Tennessee 


Ed—Many thanks for your note re- 
garding our omission of technical ce- 
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FRACTIONAL HORSEPOWER 


MOTORS 











Series motor suitable for 
many intermittent duty 
applications where spoce 
ond weight are impor- 
tant considerations 














Completely enclosed motor 

with ball bearings insures t e 
operating continuity in pum X ; 

P vity p À 


and similar applications 














Compactly designed, 
copacitator-type 
induction motor for Heavy-duty turbine 
wire recorders, elec- driven by a high- 
tronic tube cooling, speed universal motor 
ond similar services. 7 for commercial va- 


cuum cleaner service. 


















A * 
e Successful operation in many thousand motor-driven ] 
~ 3 .* 
products and devices — over a period of 36 years — ha pv r ó 
/ à metory inbuilt f 
proved the thorough reliability of Lamb Electric Motors = qe eqq ines 













The long life and dependable day-in and day-out service 
for which Lamb Electric Motors are known, results largely 
from the fact that they are designed to provide the exact 
electrical and mechanical requirements for each product i 
they drive. - 


] 





This special engineering assures the motor qualities essentia 


for top product performance and usually results in savings —— a a 
re uction on rive 
in space, weight and cost factor. — S 
to armature shaft 8 


THE LAMB ELECTRIC COMPANY * KENT, OHIO | 


* | - 
THEY'RE GOING INTO AMERICA’S yes? PRODUCTS Co oJ y- P 
— = 


SPECIAL APPLICATION MOTORS 
FRACTIONAL HORSEPOWER 
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30 DAY DELIVERY 


US NATL IUIS 


AIR HYDRAULIC WATER 


MORE POWER In less space 


~ LESS COST 


O-M is 4:1] Cylinder—pack- 
ing more power per square 
inch than any other type! 
No tie rods or bulky end 
caps, saves )A in installa- 
tion space. In full range of 
sizes from 11/2” to 8" bores. 
All machined steel with 
bearing bronze. Parts and 
mounting brackets fully in- 
terchangeable. Special de- 
sign standard parts appli- 
cable to almost all “custom” 


A installations, 


, FREE 
NEW CATALOG 
28,diogrom 
pocked poges of 
specificationt 
parts listing ond 
other information 


FREE j 
TEMPLATES 
Complete set. 
Shows oll cylin- 
ders ond movunt- 
ing brackets. '/ 

scale. 


r------- 


| 
IORTMAN-MILLER MACHINE CO. 


1218 150th St., Hammond, Indiana 
At no cost or obligation... 


C] Send me your new, complete catalog 
(] Send me a complete set of Templates. 


Nome 


Firm 
Address 
iig. oisi 





State 





MAIL COUPON TODAY! 
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ramics from our October section "How 
) Tackle Materials Substitution." In 
a section of this sort, where space is 
limited as it was with us, the best wc 
can do is to try to select the materials 
that we discuss on the basis of their 
importance to the majority of our read- 
crs. 

I think you will find that with the 
exception of plastics, most of that sec 
tion was concerned with metals. How- 
ever, we have not by any means 
ignored the subject of technical ce- 
ramics. Perhaps you may have seen 
the two-part article done for us by Mr. 
Michaelson of Sylvania Electric 
technical refractory ceramics in our 
July August 1951 Amer- 
ican Lava ^n Sene tion provided Se 
eral of the photographs for this article, 
a great many ot 
to leave out bc 


on 


and Issues. 


which we again had 


ause of space limita 


tions 


From Tokyo; 


Subject: Torque Converter 
To the Edito! 
One of our customers brought the 


following requirements to us regard- 
ing Torque Converters for Diesel and 
Gasoline Engines 


We, 


you the 


therefore, 
following 


should like to ask 
questions to which 
kindly send us your prompt reply. 

1. Names and 


makers in the U. S. 
2. What is the principle of the oper- 
ation of the common converter? 
3. Are the converters manufactured 
under the patent of Ungstorong? 
i. Do the automobile makers such 
as Ford, General Motors, etc... manu. 


lacture the converters by "We selves? 


It not. trom what m; ikers are they pur- 
chasing the 


addresses of the 


converters? Do they 
manufacture them on their own de. 
sign or under the patent of Ungstor 


ong ^ 
Your information for the above will 
be highly appreciated by us 
H. KASHIYAMA 


Kyokuto Boeki Kaisha, Ltd 

Fr Japan 

Ed—Here is a reprint of an article 
published in March 1950 issue of 


PRODUCT ENGINEERING on fluid power 
transmissions, the second part of which 
deals exclusively with torque 
verters and fluid couplings. From our 
November 1951 are sending 
you a copy of an article by Mr. Gibson 
of Twin Disc Clutch Company on 
matching torque converters to driven 
loads Both of these articles should 
give you the background of operation 
d method of application you want. 
Principal manufacturers in this 


con- 


issue we 
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Gi «4 | EU "vm sgr ; 


TRANSFER 
MOLDING 
PHENOLIC 
TO STEEL 





A Typical example of 
Shaw Solutions To New 
Production Problems. 





Newly designed ignition system 
booster coil case, for Interna- 
tional Harvester Co. Asbestos- 
filled phenolic is transfer mold- 
ed to the steel cans to insure a 
pressure tight seal. An entirely 
new process resulting in greater 
efficiency without appreciable 
increased cost! 


Another example of Shaw’s de- 
sign, development and produc- 
tion facilities... available to 


solve your plastic problems, 















Shaw's Plastic Material 
Properties Indicator Disc 
is a handy, durable 
^ guide, tailored 
to give you 
on-the-spot 

accuracy. 

Write for 
yours today! 





SHAW INSULATOR CO. 


163 COIT SẸ, IRVINGTON 11, N. J. 


1952 
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POPE qualifies as your Spindle Department. 

YOU name the type or size Spindle and 
specify POPE. 

You get finer finishes and continuous, 
peak production of accurate parts. 

The POPE System of lubrication provides 
permanent bearing lubrication and main- 
tains the high accuracy of the Spindles 
longer because of their low operating tem- 
perature. 

Send us your specifications and you'll get 


a prompt quotation on the best Spindle for 
your job. 









TO FIT THE 
MA 


eee a G 
CHINE — , 
ann THE 056 WISCONSIN-POWERED 
Power Plants, Inc. Generator 


Three carloads of scrap travel fast from freight cars to trucks every day 
with this crane on the job. It's equipped with a 36" ECM magnet, and the 
generator, built by Power Plants, Inc., Cleveland, Ohio, is powered by a 
Wisconsin Air-Cooled Engine. 

Over and above time and labor saved through Wisconsin Engine depend- 
ability, servicing and maintenance are reduced to a minimum. For example, 
bearing failure is unheard of due to tapered roller bearings at both ends 
of crankshaft. Fool-proof air-cooling means no winter freeze-ups or sum- 
mer overheating. And an easily-serviced OUTSIDE magneto with impulse 
coupling delivers all-weather quick starts. These features, combined with 
rugged construction, are the basis for the most dependable, most versatile 
power in the 3 to 30 hp. range... WISCONSIN POWER. 


Write for details covering 4-cycle single-cylinder, 2-cylinder and V-type 4-cylinder models, 





World's Largest Builders of Heavy-Duty Air-Cooled Engines 
MILWAUKEE 46 WISCONSIN 












Serving 
INDUSTRY 
since 1887 


WASH ERS and 
STAMPINGS 


Standard and Special Washers, 
of every description, from every 
kind of material, any desired 
finish . . . designed for every 
purpose...utilizing more than 
22,000 Sets of Dies. 


Let us Quote on Your Needs. 











EM. 


WROUGHT WASHER mre. co" 


THE WORLD'S LARGEST PRODUCER OF WASHERS 
2213 SOUTH BAY STREET o MILWAUKEE 7, WISCONSIN 









Our Readers Say. 


contin 


country include the following 
cerns: 


1. Allison Div., General Mo: 


Corp., Indianapolis, Indiana 


2. Buick Div., General Mo 


Corp., Flint, Michigan 


^ 


3. Borg-Warner Corp., Chicago 


linois 

4. Twin Disc Clutch Comp 
Rockford, Illinois 

5. Speiser Division, Dana Co 


| Toledo, Ohio. 


The patent situation on torque « 
verters is at present up in the air. 1 
original units manufactured in 
country were under British license, 
we understand that these patents h. 
run out and no attempt has been m: 
to repatent the principle of the de 
There are some patents that apply s; 
cifically to certain types of equipme 


| as for example, the three-stage ci 


verter being manufactured by Tw 


| Disc Clutch Company 
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Some automobile concerns do ma! 
their own units. Ford buys torque co 
verters for Mercury and Ford fri 
Borg-Warner, as does Studebak 
Buick and Chevrolet get their un 
from the Detroit Transmission Dis 
sion of General Motors. In the à 
tomotive industry, perhaps the Alliso 
Division of General Motors has do: 
more to applying torque converters t 
vehicles than any other division of 
motor car manufacturer. 


Where Can I Get It? 


No Names Please 
To the Editor: 


The June issue of OEM News pul 
lished by PRopucT ENGINEERING indi 
cates that PRODUCT ENGINEERIN« 


| reaches approximately 270 consulting 
| engineers. 


We know it is not a usua! 
practice to release such a list of names 
but we have so many accounts in th 
electrical industrial field that we are 
wondering what steps could be taken t 


| reach the consulting engineers men 


tioned. 

We would actually like to have a lis: 
of these engineers, however, if this is 
absolutely unavailable, can we read 
these men through direct mail? 

—MARION E. STALK 
Hugh H. Grabam & Associates, Ini 


Ed—On a number of past occasions 


| this same question has been raised 
| Several 


technical difficulties stand in 
the way of developing a mailing list 
of the type in which you are inter 


ENGINEERING 
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ed. Past efforts to do it have 
ulted in angry consultants and 
ingled customers. In view of this 
t, we feel such a list could not be 
eloped at this time. 


Rubber-Metal Weld Info 
t e Edit Fs 


We note that your “Our Readers’ 

y" department provides information 
suppliers of products and instru- 
nts. 

We should like information on the 

oduct or process which has the trade 

me "Cycleweld". This is a method 

f bonding rubber to metal 

Can you tell us where we could get 
necessary material, or must we send 
parts concerned to another plant 

r processing DoucG.as G. NoILeEs 

Economic Machinery C 


Ed—The "Cycleweld" process was de- 
| loped by the Chrysler Corporation. 
Full details about this process and the 
essary material and information 
out technique can be obtained by 
ldressing the Cycleweld Division, 
Chrysler Corporation, Detroit 


Cement Mixer With Boom 
To the Editor: 


On page 114 second column top, in 
the May 1951 issue of Propuct EN- 
GINEERING magazine, there is an article 
) referring to concrete mixers that carry 

i portable power hoist or movable 

= 'oom to deliver the cement across ex- 
cavations or higher elevations 

I would like to get more information 

ibout this machine. Can you tell me 

vho makes it —A. PERLICK 

Brooklyn, N. Y. 


j; Ed—The leading manufacturer of this 
type of equipment is Mixermobile 
Manufacturers, Box 7527, Portland 20, 
Oregon 


S Another manufacturer who makes a 
he $ yard mixer with a movable boom 
» which can deposit concrete as high as 
5 ft above the ground is the Koehring 
: Co., Milwaukee 16, Wisconsin. 


h ERRATA 


1951 Page 144. Preplasticizer 

Triples Capacity of Molding Press. 

Ihe credit line under the cutaway 

rawing of the Watson-Stillman press 

as inadvertently omitted. This illus- 

| tion was supplied through the 

urtesy of the Socony-Vacuum Oil 
ompany. 
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A Plus Value 
in Any Product! 


F GEARS are a part of the 

machines you make, there is no 
finer recommendation for YOUR 
PRODUCT than to be able to say 
it is “Equipped with FAIRFIELD 
GEARS!” 


At Fairfield, your gears are in the 
hands of specialists equipped with 
every modern facility for producing 
fine gears efficiently and eco- 
nomically. For the Best in Gears, 
Specify Fairfield! 


Gears made to order: 


SPUR e HELICAL è HERRINGBONE è SPIRAL BEVEL 
STRAIGHT BEVEL « HYPOID « ZEROL © WORMS and 
WORM GEARS @ SPLINED SHAFTS è DIFFERENTIALS 


FAIRFIELD 


MANUFACTURING CO. 


313 So. EARL AVE. Z 
LAFAYETTE, IND. K p LLIS 


Send for 
Illustrated Brochure 



















NEW BOOK* 


Descriptive Geometry 





HAROLD BARTLETT Howe, Head ( 
the Departme nt of Engineering D: ic 
ing, Rensselaer Polytechnic Institu bsc 
332 pages, 6x 9 in. Published by t id 
Ronald Press Co., 15 E. 26th St., N oly] 
York 10, N. Y. $4. rip 
sit 


In this textbook the direct-meth 




























approach is used instead of the earl orh 
plane-trace method. This proced a 
is used in effort to make the the a 
of the subject more interesting and « “ee 
FURNACE able the student to master the cont ce 
more readily. To effect the attainm vni 
of proficiency in teaching the subj | 
this book uses a great many pictor 
sketches. This method is used Ext 
stimulate the student's capacity to [x z 
ceive and to visualize, and make h i 
FAC T 0 RY express his space conceptions in p Ree, 
= ture form. eh 
Complexities in space picture sketc! 


ing are introduced in steps that p: 


| aiii 
gress from simple fundamentals t I 
more complicated combinations ey 

e . n 

Many practical engineering pr ! 
// / lems are presented for study and e: 
/ planation. As basic visualization trai: 
> p ven 
spelt teat economy ^ | 1ng in structure and machine desig: 


special emphasis is here placed o 








: I 
vectors, and particularly on their us 
- ° ° . " . 1 IO 
What is the best way to attach a certain contact material in finding stresses in planar and non 
to contact arms of another material for use in certain coplanar structures and for the rep: thr 
. » ; entation of moments. / tion of i 
equipment under certain conditions? = d ents. A portic 
the text is devoted to an explanatior 
Stackpole not only has the answers, but likewise offers of the principles of perspective draw T 
be í È ‘ ; ° . ino hy 1 s" |» cke 
full facilities for handling this important operation in ing by means of picture sketches Ih 
production quantities by the most suitable methods. This Ki 
) T 3 Lad á R A. a " . m~ ve e 
PLUS service to users of Stackpole contacts Alternating-Current Circuits E 
is a big factor in saving them money by a aes : 
OE LES | K. Y. TANG, Professor of Electri 
eliminating scrap and in assuring maximum : tae : e 
] lability f { Engineering, The Ohio State Univer " 
dependability for their products. ity. 603 pages, 6x9 in. Published | de 


International Textbook Co., Scrant tio 
STACKPOLE CARBON COMPANY Pa. $6 s 


a. 


an 

PE ET Ss Tee Progressive work in both the field det 

Helpful Contact Data of power and of communication d en 

Far more than a listing of Stackpole con- mands a more thorough grasp of the ct 

tact types, Catalog 12 contains a wealth physical principles and laws of electri Sri 
of helpful data on contact materials and circuits. For this reason, the autho 

their applications. Write for yours today. has devoted much space to the study o! to 

the effects of the circuit elements o: Ir 

the flow of current in an electric circuit MN 

The relations of instantaneous valuc O 

are also emphasized throughout th sh 

book. l ty 

The chapter on Network Theoren h 

All contact shapes and sizes in SILVER GRAPHITE « SILVER LEAD OXIDE includes the Superposition Theoren = 
SILVER NICKEL » SILVER MOLYBDENUM « SILVER TUNGSTEN » COPPER Thevenin's Theorem, the Maximun 

Power Transfer Theorem and the J l 

GRAPHITE « PRECIOUS METALS... and many other materials Delta Transformation. Chapter 1! Br 


Voltage and Current Loci, is an intr 


~ > - ) 
267^ Paopucr EwNciNrEERING — JaNvAnY, 195 P 









ew Books continued 


| 1 
tion to ¢ ircle di agram work in alter 
ting-current machiner Professor 
ing's approach in the ints of Sym 


trical Coneunants is a sym] itheti 

e. The treatment of did cid 
| alternating-current transients has 
n much simplified by the incl 
Chapter 18, Differential. Equations 


t J f v N yl! 
ie common practice of using single 


usion 


bscript notation for simple circuits, 
d the double-subscript notation for 
olyphase circuits, and the single-sub 
ript with arrows in meshes denoting 
S A: C in communication nct 


rks has been followed throughout 
various chapters. In this book the 
iterial has been so presented that the 


rious chapters, made as independent 


f one another as possible, can be 
lected at will in suiting the parti 
r needs of the individual 


External Pipe Threads 


r, Mass. Paper ¢ er, $0.75 


Ihe information in. this pamphlet 
aper and 


| | 
raight pipe threads. It contains data 
| 


pplies only to external t 
n condensed and simplified form con 
puted and compiled from various 
tandards. It is arranged for the con- 

ence of those who use the thread 
ling process. 

Included are tables of dimensions 
formulas, definitions and tolerances for 
taper pipe threads and straight pipe 
hreads 


The Grinding Wheel 


KENNETH B. LEWIS. 407 pages, 6 x ‘ 
Publi / é d b y the Gr din p i t 
l HIMuITE Gree dali Ma $3.50 


This book was prepared to serve as 
a comp rehensive text on the subject of 
grinding wheels and grinding opera 
tions. Written in easy-to-understand 
language, the book is directed to stu 
lents and apprentices, men and wom 
n in the grinding industry, and ex 

utives in ind 
grinding industry. 

The first few chapters are devoted 
to the materials, methods and processes 
mployed in the manufacture of abra 
sive wheels This is followed by a 
omplete description of the kinds 


shapes and sizes of wheels currently 


istries related to th 


V vail. ible. The remaining twenty-threc 
lapters are devoted to the ap 
tion of these wheels 
There are complete chapters on such 
ibjects as: grinding fluids, rough 
grinding, cylindrical grinding, center 
less grinding, surface grinding, thread 
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eld, — 


CLEVELAND » DALLAS » 












































to 13%. Furthermore, very substan- 
tial savings on axles, tires, gears 
and brakes are reported.” 

That is the first paragraph from 
a just-published four-page bulletin 
on the mew Twin Disc Model DF 
Three-Stage Hydraulic Torque 
Converter. 

You'll want the complete story 
because never before have so ex- 
tensive tests been reported on 
three-stage hydraulic torque con- 
verters with an in-built braking 
feature which no other torque con- 
verter can claim. Write todav, and 
be sure to ask specifically for Bul. 
letin No. 162. It may show vou 


t truck how to save thousands of dollars 
ters can in truck operation. 


Twp DISC 


CLUTCHES m ‘oy mae oRivt$ 





AMGELES « MEWARE o NIW YRLT AMS +» SEATTLE + TULSA 








































































































The BALL BEARING for your 


LINEAR MOTIONS 


Sliding linear motions are nearly always troublesome. 
Thousands of progressive engineers have solved this 
problem by application of the Precision Series A BALL 
BUSHINGS. 

And now hundreds of original equipment manufac- 
turers use the low cost Commercial Series B BALL BUSH- 
INGS which were developed for support of linear motions 
in competitively priced, volume manufactured products 
where super precision is not essential. 

Alert designers can now make tremendous improve- 
ments in their products by using BALL BUSHINGS on guide 
rods, reciprocating shafts, push-pull actions, or for sup- 
port of any mechanism that is moved or shifted in a 
straight? line. 

Improve your product. Up-date your design and engi- 
neering with BALL BUSHINGS! 


LOW FRICTION * LONG LIFE 
ELIMINATES BINDING AND CHATTER 
SOLVES SLIDING LUBRICATION PROBLEMS 
LASTING ALIGNMENT * LOW MAINTENANCE 


Now manufactured for 4", V2", %", 
1", 15" and 2V2" shaft diameters. 


Write for descriptive literature and the name of our representative in your city 


THOMSON INDUSTRIES, inc., 


— ——— MANHASSET, NEW YORK — — —— 























































PROGRESSIVE MANUFACTURERS USE BALL BUSHINGS — 
A MAJOR IMPROVEMENT AT A MINOR COST 
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grinding, gear grinding, disk grinding 





continue: 


internal grinding, grinding non-metal 
lics, and grinding cemented carbides 

The other chapters cover: truing 
dressing and balancing; tool and cut 
ter sharpening; honing, lapping, an 
superfinishing. The final chapter con 
siders cost factors of grinding opera 
tions. 

The appendix features a 16-pag: 
chart of grinding wheel recommenda 
tions based on the type of work or op 
eration being performed. There 
also a complete description of th 
and corrections of 
grinding errors 


causes commot 


Patents For Technical Personnel 


DR. WORTH WADE, registered pateni 
attorney and chemist, Pres. of Ameri- 
can section of the Societe de Chimi 
Industrielle; 44 pages; O X 9: heavy 
paper-cover. Published by Chemon 

mics Inc. 400 Madtson Ave., New 
York, N. Y.; $3.00 











Without footnotes, case histories, 
and legal technology, the book simply 
and accurately discusses what a patent 
is, lists the steps which must be taken 


to protect an invention, and discusses 
the interference and prosecution of 
patents. 


This handbook has been written for 
the inventor and employee of a chemi- 
cal process plant, using the language 
of the layman, and not the patent at- 
torney. 

The book describes a typical patent 
department of a company, and dis 
cusses its relation to the inventor-em- 
ployee. It also tells how patent rights 
help you and your company, what in- 
ventions are assignable to your com- 
pany, and how patents benefit the in- 
dustry. 

An important, and so far a neglected 
subject, is covered in the last chapter: 
How to read a patent. Not only does 
this section analyze the contents of a 
patent, but it presents a systematic 
method for analyzing and checking 
claims, finding and avoiding infringe- 
ment, and gives a check list for pro- 
tecting your patent rights. A four page 
pictorial section shows an invention 
from the idea to the patent. 


Photoelastic Stress Analysis 


16 pages, 53 x 83 in. Publishe 


Eastman Kodak Co., Rochester á, N. Y. 
$0.35. 

To incorporate recent developments, 
a revised edition of this publication is 
now available. Like its predecessor, 
the new booklet begins with a few gen- 
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Straight Adapter Unions . | 


45° ond 90° Adapter Unions f | Tees 


AUTE) 


EU You Assembly Time and T 


pe 


Time is money And whenever you save time, you reduce costs 
That's why ıt pays to use Anchor Adapter Unions and Related Fittings. You see 
they're designed especially to speed the attachment of Anchor hydraulic hose assemblies 
Anchor Ductile Sleeve Couplings to equipment of all kinds 
assembled on two wire braid In addition to cutting assembly costs, Anchor Adapter Unions and Fittings have these 
hose for high pressures. g 
important advantages: 


€ They provide a leakproof ground-joint connection. 


They are small in size, require little space, and provide a neat appearance 
You can connect and disconnect them many times without destroying the seal 
Made from solid steel bar stock and plated to prevent rus ] ] 


nt rust, they stand up under the 
toughest service conditions. 
Anchor Sleeveless Couplings Their use lets you eliminate one or more pipe-thread joints—gives you a better 
assembled on either single wire b " 
braid hose or two rayon braid piping job. 
hose for medium or low pres- Assembly in confined spaces is quicker and easier 
— The Anchor line of Adapter Unions and Related Fittings is 
the most complete line available. Save yourself time and 
Send for complete money —select those that fill your specific needs 
information on 
Anchor Adapter _ 
Anchor Clamp-type Couplings Unions and 


are ideal for field service use Fittings ANCHOR COUPLING CO. INC. 


and emergency repairs. Easy to Dept. PE-12, Libertyville, Illinois 
p on and take oíí — withstand 


igh pressures. I like the dependability. the safety, and the time-and-money saving fea- 
tures of Anchor Adapter Unions and Fittings. Please send me a catalog. 


CLIP COUPON TO LETTERHEAD AND MAIL TODAY 


— — — — — — — — — — — ————— ————— — ————————— 


Use Anchor Assembled Hose Units with the outstanding fit- Name ...... - . Position 


tings shown above. You'll have less trouble in the shop on 
assembly — and less trouble in the field on the job. Company 


PURDÉBRIESSIDLIDINDIEMS 75 


City 
Factory Libertyville, Illinois d Branch: Detroit, Michigan 
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eral remarks about the importance 

s photoelastic stress analysis. It discus 

INDIVIDUAL briefly other methods of stress anal, 

T ARE your and then launches into a discussion 
the principles of photoelasticity. TI 


NEEDS FOR A section covers polarized light, doul 


refraction or birefringence, isochro 
atic lines, isoclinic lines, circular po 
rization, and stress patterns. Phot 
elastic light sources, filters, polarize 
H EAT EXCHANG . R analyzers, quarterwave plates and co 
densers, are then described. 
Materials suitable for making m. 
COOLER els of the part to be tested are discuss 
or and the actual making of the mod 
i is considered. Models for three d 
mensional stress analysis and phot 
e? e? V? graphic materials for use in the p: 
p? (1? OR graj | 


gn > > 
pl HA cess are also covered. 
wit " wat Finally, there is a bibliography í 


books and articles on the subject. Th 
should prove of considerable value t 


for heating or cooling... MEAE 


WATER- HYDRAULIC OILS - LUBRICATING OILS uM 
COOLANTS - CUTTING OILS - OTHER LIQUIDS ASTM Standards on Petroleum 


Products and Lubricants 


ln z pni 
Our engineering department will gladly assist (With Related Information) 

you, just as it has numerous other organizations, Prepared by ASTM Committee D 
in design and selection of proper exchanger for | on petroleum products and lubricant 


s o 7 Í 1g E 1 ich 
your particular requirements. 84 pages, 6 x 9 in. Published by 
American Society for Testing Material 


A heat exchanger specialist from the factory is 1916 Race St. Philadelphia 3, Pa 
immediately available. Just call Providence, R. I., — Heavy paper cover, $5.75; cloth cover 
GAspee 1-2600, wire or write. $6.40. 


WHA 


A 
2 
7 
7 
A 
Z 
A 
Vo 


This 1951 compilation of ASTM 
Standards on Petroleum Products and 
Lubricants (with related information ) 
brings together in compact, readily 
usable form most of the ASTM stand 
ards, test methods, and specifications 
widely used in this field. The tests 
for knock rating of engine fuels and 
certain standards for measuring and 
sampling petroleum are not included 
in this compilation. 

This edition gives in their latest 
form 129 ASTM standards, including 
116 test methods; 7 specifications; 1 
classification; 3 lists of definitions re 
lating to petroleum, specific gravity 
and rheological properties of matter 
2 tentative recommended practices for 
the purchase of uninhibited mineral 
oil for use in transformers and in oil 
circuit breakers, and for designating 
significant places in specified limiting 
values; and other material. 

Widely used standards in this com 
pilation cover the following broad 
classifications of petroleum products 
crude petroleum, butadiene, motor and 
aviation fuels, petroleum solvents and 
naphthas, diesel fuels, distillate burn 
er fuels, kerosene and illuminating 
oils, lubricating oils, turbine oils, elec- 
trical insulating oils, plant spray oils, 
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troleum sulfonates, greases, petrola 
s and paraffine waxes. Included also 
standard specifications for ASTM 
rmometers, and test method and 
indardization of etched-stem liquid 
class thermometers 
New material includes tentative test 
thods for: total inhibitor content 
tertiary - butylcatechol) of buta 
liene; bromine number of petroleum 
stillates by color indicator and elec 
rometric methods; reduced pressure 
listillation of petroleum products; and 
ydrocarbon waxes used for electrical 
nsulation. 


Appendices include proposed meth 
ls of test for: penetration of lubricat 


1g greases worked more than 60 
trokes; measurement of density and 
ific gravity of liquids to the fifth 
place by the Bingham pycnometer; sa 
onification number of petroleum prod 
ts by the para-xylenol blue color-in 
$ nd ] 1 $ $ f net 
ator method ; Olii Content orf petro 
1 waxes: kinematic viscosity; and 
wo propose 1 methods of determining 
otor and research octane numbers of 
"e sd There sal e" 
nail sam] CS rere are aliso recom 
nendations on the form of ASTM 
1ethods ot test for netrole m prod 


I [ 
ts and lubricants 


Advanced Engineering 
Mathematics 


C. R. WYLIE, JR., Professor and Chair- 
in, Dept. of Mathematics and Astro? 
my, Univ. of Utah. 640 pages, 6} x 
1 1n. Publi / ed by McGrau Hill 

Book Co., 330 W. 42 St., New York 

56, N. Y. $7.50 


This comprehensive and well or 


ganized book covers ordinary and par- 


tial differential equations, Fourier se- 
ries and the Fourier integral, opera 
tional calculus developed through the 
use of the Laplace transform, Bessel 
functions, theory of functions of a 
complex variable, vector analysis and 
such techniques of advanced numeri 
cal computations as the numerical so 
lution of equations and systems of 
equations, finite differences, harmoni 
analysis, least squares, and the method 
of Stodola. 

After three introductory chapters 
lealing with ordinary linear differen- 
tial equations, there is a long chapter 
devoted to their applications to me 
chanical and electrical circuits. The 
material is sufficiently complete to en 
able the student to solve many impor 
tant practical vibration problems, both 
electrical and mechanical. In addition 
there is a skillful treatment of equiva 
lent circuits and the construction of 
electromechanical analogies. 

The chapter on the Laplace trans- 
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* We need a new special relay...quick! 
It must be compact, shock-proof, and 
100% water-proof...to function at 65° 
below zero up to 165° above. And we 
want initial production in 48 hours! ' 


That's what the man asked for. . . and 
that's just what he got from Riverside 
Yes, within the specified time, Riverside 
engineers had designed a product to 
meet those tough specifications . . . and 
Riverside's complete, versatile produc- 
tion facilities had turned out sufficient 
quantities to fill initial delivery require- 
ments. 'The relays were tested and ap- 
proved . . . used immediately to break 
a serious bottleneck that had stopped the customer's production. 


You might think that's an unusual **case history." But actually it's 
typical of the way things get done at Riverside. Yet service is only 
one of the reasons why Riverside has become a leading producer of 
wiring harnesses, devices, and assemblies. Cost and quality are the 
other important factors. And, chances are, our specialized engineer- 
ing and manufacturing facilities can quickly find a way to make 
your electrical components better for less, too. Why not send us 


your specifications, prints, or samples for prompt recommendations 
and quotations. No charge . . . no obligation, of course. 





COMPETENT ENGINEERING SERVICES œ COMPLETE PRODUCTION FACILITIES 
C EXPERIENCED ASSEMBLY PERSONNEL © POSITIVE CONTROL OVER QUALITY 


JrYiverside Manufacturing 
AND ELECTRICAL SUPPLY COMPANY 


10225 MICHIGAN AVENUE * DEARBORN, MICHIGAN * PHONE Tiffany 6-6800 


WIRING HARNESSES AND ASSEMBLIES « CORD SETS « HEATER AND EXTENSION 
CORDS o ELECTRICAL SWITCHES e RELAYS e MOLDED RUBBER PRODUCTS 











BUT Y E 5 MEANS 


IT WAS WELL WORTH THE TIME 
YOU TOOK TO ASK ABOUT... 


The manufacturing skill and engineer- 
ing experience gained by O & S in 
producing original automotive parts 
for the past 38 years is weil worth 
your investigation. 


If your problem involves a movement 

^ in a mechanical part or a combina- 
tion of parts requiring trouble free, 
service free bearings or bushings, 
send us the details or write for 
Bulletin 251. 


uw OS BEARING CO. 


303 SOUTH LIVERNOIS + DETROIT 7, MICHIGAN 
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form contains some recent origin 
work on the determination in fini 
form of the inverses of periodic-ty; 
transforms. The work on functions « 
the complex variable is followed by 
chapter devoted to the application « 
this theory to the classical potenti 
flow of incompressible fluids. 

Emphasis is placed on the relatio: 
ship of each topic to other topics 
the book and to the general problen 
of the engineer. Several hundred con 
pletely worked problems are include 
which range from simple illustratior 
to involved examples of the applica 
tion of theory. In addition there ar 
over 1,000 problems for student sol 
tion, carefully graded in difficulty. 

An extensive appendix covers man 
important topics from the borderlin 
areas between college algebra and th 
theory of equations, and calculus and 
advanced calculus. 


A Basic Training Manual On 
Statistical Quality Control 


RUDOLPH FREEDMAN AND JOSEPH 
MOVsHIN. 78 pages, 81 x 103 in 
Published by The St. Louis Society for 
Ouality Control, 6651 Kingsbury 
Louis 5, Mo. $2.50. 


This manual has been written for 
use in short elementary courses in sta- 
tistical quality control. It may be used 
for plant training and short courses 
that are often given by technical so 
cieties. It may also be used as a labora- 
tory manual in conjunction with 
standard text on quality control in 
full course. 

The manual consists of a brief text 
which is included to serve as a set of 
notes for the students. The heart of 
the manual is a series of work sheets 
covering frequency distributions, X & 
R Charts, p charts, pn charts, c charts 
and sampling. The manual has been 
written around the principle that "we 
learn by doing" and the work sheets 
give the student an opportunity to per- 
form exercises and to make the neces- 
sary calculations so that he will be able 
to put quality control into practice. 


Heat and Thermodynamics 


MARK W. ZEMANSKY, Professor of 
Phy SICS, T/ é Gi ty Colle ge f Ne Hu 
York. 465 pages, 6x 9 in. Published 
by McGraw-Hill Book Co., 3 
á? St., New York 36, N.Y. $6 


The purpose of this third revision 
is, as before, to provide an introduction 
to the subject matter of heat and ther- 
modynamics for students preparing 
for a career in theoretical physics, theo- 
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Ideas 
you 


These diagrams show a few 
of the ways in which Sylphon 
bellows assemblies are used— 
where there’s a design problem 
involving control of temperatures 
or pressures. They open and close 
valves, dampers, etc., absorb ex- 
pansion, provide packless con- 
struction, have many more uses. 


We've developed bellows assem- 
blies that are used in practically 
every industry. It’s a specialty with 
us—has been for half-a-century. 
Skilled craftsmen and complete 
facilities produce exactly what you 
require, no matter how complex 
an assembly you need. 


Your problem may parallel one 
we have solved for another cus- 
tomer. Or, we'll work with you 
to develop an assembly for your 
specific application—making im- 
portant savings for you in time, 
trouble and money. 

Wide range of metals and sizes. 
Write for information. Ask for 
idea-stirring Catalog AP-1200. 


FULTON 
SYLPHON 


DIVISION 
Knoxville 4, Tenn. 
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“LOWS assematies » BELLOWS DEY 


r ..... e.. 
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Fig. 1 Thermostatic Motor —This type 
of assembly is widely used in tempera- 
ture regulators, etc., where a thermo- 
static charge is confined in the bellows 
and where a valve, switch, damper, 
etc. is to be operated in response to 
temperature changes. 


t MOVEMENT 





Fig. 3 Pressure Motor —Bellows assem- 
blies are often employed to convert 
pressure effects into controlled move- 
ment. Fig. 3 shows such an assembly 
where the pressure is applied inside 
the bellows. 


MOVEMENT 
i 


i FIXED 


Fig. 5 Expansion Chamber- This type 
of assembly is employed to absorb 
thermal or pressure expansion. With 
suitable heads, it would be used to 
serve as a reservoir for a liquid or gas. 
Example: Oil reservoir for electrical 
cable joint, 





Fig. 7 Motion Transmission—T wo bel- 
lows assemblies joined by a tube for 
hydraulic transmission of motion or 
power. Motive force applied may be 
either thermostatic or mechanical. 





Fig. 9 Sheft Seal —Widely used for 
rigeration compressors to prevent 
leakage around — shaft. Spring 
pressure holds nose of seal against 
shoulder on shaft. Another type used 
rotates with shaft and seals against 
stationary plate. 


TEMPERATURE CONTROLS 








\ces 


Fig. 2 Thermostatic Motor — This assem 
bly is used where it is desirable to 
have the thermostatic charge confined 
outside the bellows and within a cup 
May be used with or without remote 
bulb shown. 


a2 


Cu 


Fig. 4 Pressure Motor — This assembly 
differs from Fig. 3 in that the pressure 
is applied outside the bellows and 
within a cup. 


hanad 
pain RNY 


Fig. 6 Expansion Joint — Packless and 
leakless construction for expansion 
joints used to absorb thermal expan 
sion of pipe lines carrying steam, water, 
etc. May be used to absorb vibration 
and provide flexible connection for 
other applications. 





Fig. 8 Packless Construction —Illustrat- 
ing packless valve construction. Same 
principle used to seal stem movement or 
adjustment in many types of apparatus 


—— 





| MOVEMENT 
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Fig. 10 Flexible Joint — Providing a 
means to seal a flexible joint or mechan 
ical movement of levers, linkage, etc 
against leakage where the movement 
must be conveyed ourside an enclosure 
Example: Operating stem of float 
switches, etc. 
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BRIDGEPORT 
THERMOSTAT 


DIVISION 
Bridgeport 1, Conn. 

































just as 
inevitably 

you will switch 
to the use of 
MOLYBDENUM 
High Speed Steel 


It is readily available from manu- 


facturers and 


warehouses. Tools 
made from it give service as good 
as or even be:ter than the tungsten 
of 


speed steel used by 
I 


tvpe steel —most of the high 
leading tool 
manufacturers is the Molybdenum 


type. 

You can save money by changing, 
and above all, you will help to 
conserve tungsten for uses for 


which it is really needed. 


The facts you need are in 
this FREE BOOKLET 





Climax Molybdenum Company 
500 Fifth Avenue - New York City 


Please send your FREE BOOKLET 
**MOLYBDENUM HIGH SPEED STEELS ” 


Name. 


Position .... 
Company 


Address . 
PE-1 


HS-IO 
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retical chemistry, or engineering. The 
first ten chapters treat the fundamentals 
of the subject, including the concepts 
of temperature, heat, internal energy 
and entropy, and the first and second 
laws of thermodynamics. The remain- 
ing nine chapters deal with physical, 
chemical, and a few engineering appli- 
cations. 

In the new edition, the theory and 
measurement of the mechanical equiva- 
lent of heat and heat capacity have 
been incorporated within the chapter 
on the first law of thermodynamics. 
The remainder of the chapter on heat 
has been expanded and transformed 
into a chapter on the transfer of heat. 
Various phenomena in low tempera- 
ture physics which formerly appeared 
in separate chapters have been com 
bined to form the basis of a new and 
extensive chapter on the physics of 
very low temperatures. 

The chapter on heat transfer has 
been extended to include streamline 
and Poiseuille’s law, Reynolds 
number and turbulence, natural and 
forced convection, and the theory of 
the single-current heat exchanger 

Many other changes, in addition to 
new figures and new problems, serve 
to make the present revision one of the 
up-to-date and comprehensive 
treatments of the basic theory of ther- 
modynamics 


flow 


most 


Corrosion Guide 


ERICH RABALD, Director and Chief- 
Chemist of the C. F. Boehringer & 
Soh ne (Ge ynam) ). 629 pages, 61 x 10 
in. Published by the Elsevier Pub. Co 
Inc., 402 Lovett Blvd., Houston 6, 


Texas. $12.50. 


Though the literature of Europe and 
America is rich in good books on 
the author feels that this 
book is justified in that it approaches 
the problem in a different manner 
from the normal texts on corrosion. 
The Guide has arisen from problems 
which are met by the engineer who is 
actively practicing. To him the ques- 
tion of corrosion and the choice of 
material is often a difficult and costly 
problem, which may prevent him from 
onstructing a plant or from keeping 
it in operation. Corrosion and its 
auses interest him mainly to the ex- 
tent that he wishes to avoid it. A 
practical engineer will be ready to use 
experience gained elsewhere, and it is 
in fact often difficult to persuade him 
to use new materials. Therefore, in 
this Guide the old tried methods are 
catalogued with their advantages and 
lificiencies. In addition, however, the 
! 
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WITHOUT TALKING BACK 
TO CUSTOMERS 


Wheeler Sound Powered Tele- 
phones do a triple job of time-saving, 
work-speeding and good customer 
relations in Boston-area First Na- 
tional stores. 






Specially adapted by Don Hankins 
of Flexifone Corporation to tie in with 
the store intercom and loudspeaker 
systems, Wheeler units permit Meat 

| and Produce Managers to communi- 
| cate with wrapping and supply de- 
| partments without having noisy (and 
| possibly “rough” ) conversation car- 
ried back over loudspeakers to be 
| heard by customers. 
| Many installations of Wheeler 
Sound Powered Telephones stress 
this important feature of privacy. All 
stress economy, dependable opera- 
tion, complete freedom from main- 
tenance, no outside power source. 


Write us for literature. 


WHEELER 


SOUND POWERED 
TELEPHONES 






COMMUNICATION 
| EQUIPMENT 


MAGNET WIRE 


COILS 


TRANSFORMERS 


Pt 


ZU 


™ WHEELER 


INSULATED WIRE CO., Inc. 
Division of the Sperry Corp. 
1103 EAST AURORA ST. 


WATERBURY 20, CONN. 
'wHS2 
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Accumeter 
SYSTEM 





Virtually any machine that must be lu- 
bricated with fluid oils or light greases 
can have the protection of automatic 
mechanized lubrication. Alemite’s Type I 
Accumeter System is the answer! So sim 
ple, so compact is this versatile single line 
system, that you can incorporate it in 
your designs with remarkable ease. 


The Alemite Type | Accumeter Automatic 
Lubrication System consists of a lubri 
cant pump, a distribution system of tub 
ing, and force-feed valves mounted on or 
near individual bearings. 


From one central point, it safely, surely 
lubricates all the bearings on a machine 

. automatically . . . while production 
goes on. Increases output by eliminating 
shutdown for lubrication! Ends the risk 
of lubrication errors or neglect by your 
customers! Reduces maintenance and re- 
pair costs, prolongs machine's life. 


Alemite Accumeter Systems meter lubri- 


ALEMITE 


ACCUMETER AUTOMATIC LUBRICATION s 
1850 Diversey Parkway, Chicago 14, Illinois CREERE 


JANUARY, 


its simple to 
design this “insurance” of 
greater production 
into your machines 


ALEMITE 
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Adjustable Output; Cap 
































cants with a sustained accuracy un- 
matched by any other method. In fact, 
tests show no variation in the amount of 
lubricant discharged to bearings . . . even 
after 73,312 lubrication cycles—equivalent 
to 122 years of twice-a-day service! 


What's more, Alemite Accumeter Auto- 
matic Lubrication is not merely “one- 
shot” lubrication. It is continuous between 
cycles. That’s because Alemite’s exclu 
sive “accumulating” feature prolongs the 
discharge of lubricant to bearings. 


Alemite Accumeter Automatic Lubrica 
tion is adaptable to machines of every 
type and size. There are three separate 
systems, to cover your full range of 
needs. Write now for Form 22-189, a free 
16 page brochure giving full data. And 
for specific application recommendations, 
include description of machines you are 
presently working on. Alemite, Dept 
T-12, 1850 Diversey Parkway, Chicago 14, 
Illinois. 
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Valve illustrations 


»ne-half actual size 
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Fixed Output Cap 


This Single Line System 
Serves Any Type Bearings 
Alemite's Type | Accumeter System 
con meter oil or grease to rotary 
oscillating, stationary — plain or 
anti-friction bearings. Serves up to 
400 bearings. Valves for any bear 
ing copacity. FIXED zr ADJUSTABLE 

output. 
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COOLIDGE 
BALLS 


CHROME ALLOY 
STAINLESS STEEL 


| Finest: 
ELECTRIC FURNACE STEEL 
HEAT TREATMENT 
LAPPED FINISHES 


THESE FACTORS COMBINE TO MAKE THE FINEST 


STEEL BALLS OBTAINABLE BECAUSE THEY CON- 

TRIBUTE TO CLOSER SURFACE UNIFORMITY 

BETTER STRAIN DISTRIBUTION —HIGHER LOAD 
CARRYING CAPACITY — LONGER LIFE 


Used in: 
BALL BEARINGS * AUTOMOTIVE © AIRCRAFT 
FARM AND INDUSTRIAL EQUIPMENT 
MACHINE TOOL © OIL WELL AND OTHER 
IMPORTANT APPLICATIONS 


COOLIDGE 


CORPORATION 
BOX 488 e MIDDLETOWN, OHIO 
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of materials in use gives the user 
opportunity of finding out easily al 
other materials that have so 
scarcely been used or have not 
used at all. These may offer some s 
cial advantages for particular pr 
lems. 

In the first section, some geni 
considerations are given on the sel 
tion of materials. This is followed 
a short introduction to the general 
pects of corrosion, a knowledge 
which leads to better use of data giv 
later. The bibliography at the end 
the book indicates the most importa 
books and journals for those 
ticularly interested. The tables 
which over 250 corrosive and m 
than 40 materials of construction 
set out are similar to the Dechema t 
bles of materials that have appeared 
Germany, but they are not all identi 


| 


Industrial Furnaces—Vol. I 


W. TRINKS, Associated Enginee 
Professor Emeritus of Mechanica 
Engineering, Carnegie Institute 
Technology. 526 pages, 6 x 94 in 
Published by John Wiley & Sons, In 
140 Fourth Ave., New York 16. N. 
$10. 


Since its initial publication in 1923, 
Industrial Furnaces has been a thor 
ough exposition of all phases and 
problems of practical technology. This 
book lays down and discusses the basi 
principles underlying all furnace de 
sign and operation, provides numerous 
graphic illustrations and typical ex 
amples which reinforce the text, and 
offers conclusions—rather than untried 
theories—which have been tested and 
proved in actual furnace practice 

The fourth edition of Volume | 
brings this treatise completely up-to 
date by incorporating the most recent 
scientific facts which research has dis 
covered about heat transfer and fur 
nace design as well as present day 
design and operating principles and 
techniques. The arrangement of th: 
subject matter remains much the same 
as the third edition with the exception 
that infrequently used material has 
been moved to the appendix; the vol 
ume is divided into sections on th: 
capacity, economy, thermal efficiency 
strength and durability, and movement 
of gases in furnaces. About 40 percent 
of the text has been rewritten and 94 
new illustrations have been added. The 
tables have been brought up-to-date 
and many of the statements have been 
clarified. All calculations and tables 
have been changed from gross tons to 
net tons 

The revisions mentioned above com 
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Jew Books continued 


7 

ne to make this edition even more Ma be ou never ne 
seful to those designers and users of 

dustrial furnaces who want to know 

yw to get the best value out of the 


iel they use and how to apply it most a hu e 

—— vacuum 
Business and Professional MEI TIN 
speech 


LIONEL CROCKER, Professor of Speec/ 

Denison University; 470 page 5,6 x 9 E 
H. Published by the Ri nald Pre ss C 

New York, N. Y.; $4 v f 


Written to offer information and 
dvice not only on the platform speech 
ind normal business situations, this STAINLESS 
ook also touches upon such related STEEL 
iaterial as the problems faced by the 
program chairman of civic and other 
rganizations. The author gives a study 
of relationships of speaker, speech, 
audience, and the fundamentals of th 
speech situation. The importance of 
human motives and their use by the 
speaker, at the same time emphasizing 
the need for high ethical standards, 
ire also explained. 

The book is divided into two parts 
he first is devoted to the Theory of 
Speech, which covers such points as 
How to look at your audience; what 
the audience hears; how to get and 
hold attention; audience analysis ; pro- 
moting acceptance of yourself and your 
ideas; putting the speech together; 
language used; and others 

The second part is called Common 
Types of Business and Professional 
Speeches. This covers: the sales talk 


the policy speech; the good will 


speech; the oral report the interview 


{dio and television; and other pes Gee — THE SKILL THAT CREATED IT MIGHT SOLVE 


of speeches 


The book is illustrated with sc A PRODUCTION PROBLEM FOR You! 


tions and complete speeches by leaders 


; } 
in public life When your Defense Contracts or regular 


productions call for specially built pres- 

sure vessels or processing machinery... 
The Algebra of put the problem up to GROEN. For half 
a century we ve been fabricating compli- 
cated and simple jobs in Stainless, Nickel, 
THoMaS.L. Wape, Florida State Uni- Monel, Everdur, Inconel. We know how. 
versity. 189 pages, 54 x 84 in. Pub- The large Vacuum Melting Kettle above is 
lished by Addison- Wesley Press, Inc., an example. We produced a quantity of 
Cambridge 42, Mass. $4.50 these from bare specifications in record 
time. Consult us on your special jobs. 
: Depend on our ample facilities, long back- 
elementary expository presentation of ground, engineering skill and financial sol- 
matrix algebra. It is concerned largely idarity to deliver what you want satisfac- 


with an elementary exposition of the torily. Why not write us now ? 
algebra of vectors and matrices. This 


exposition is articulated with the basi 
concepts of modern algebra in the 


d d eee | GROEN MFG. CO. 
broad sense, that is, group, integra H. a L - j 4535 W. Armitage Ave., Chicago 39 
domain, field, ring, basis, dimension, 


Vectors and Matrices 


This book is intended to give an 


E Mii d n Cty Ca 


A 


WORLD'S LARGEST PRODUCERS OF STAINLESS STEEL STEAM JACKETED KETTLES 


30 Church Street . New York 7 


and isomorphism. 7 Front Street * San Francisco 11 


Since the student using this text will 
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A responsible 
low-cost source 
of supply for 
quantity users 
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\ one of the co intrv's fore- 





intricate stampings and 
t manufacturers of fine piercings to customers' speci- 
quality jewelry chain, our  fications. 

plant is equipped with hun- e e * Additional facilities 
dreds of high-speed wire such as an up-to-date tool 
drawing and forming ma- shop plus complete finishing 
chines. Many of these ma- equipment — including tum- 
chines, which were designed bling, polishing, heat treat- 
and built by this organization ing — assure you of on-time 
from the ground up, are also deliveries to meet your de- 
capable of producing the most fense work schedules. 


mo 
































































SEND BLUEPRINT OR SAMPLE & QUANTITY REQUIREMENT FOR COST 
COMPARISON & DELIVERY, OR CALL SOUTH ORANGE 2-7600. 
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New Books 


continue 
be primarily learning about vecto 
and matrices, he will be getting th 
knowledge in the setting of moder 
algebraic theory. This book, therefor 
is suitable for use in the first cour 
(ff a sequence of courses devoted 
modern algebraic theories. 

The physicist, engineer, theoreti 
chemist, statistician, or psychomet: 
cian will find here in a single sour 
in relatively simple, readable languag 
the essential features of matrix algebr 
that for him constitutes a powerf 
and widely used tool. 

Considerable use is made of tl 
summation notation, the index syn 
bolism, and transformations, all « 
which are common in tensor theory 
This book, therefore, may well ser 
as a prerequisite for work in matri 
and tensor calculus 

The mathematical background of th 
student using this book is assumed 
to be a first course in analytic geometry 
and an acquaintanceship with the usual 
theorems on determinations as given in 
a standard college algebra book 





Engineering Statics and 
Dynamic 


DAN H. PrETTA, Head of Applieá 
Mechanics, Virginia Polytechnic Inst 
tute. 400 pages, 9§ x 6} in. Published 
by Ronald Press G ae G E. 261t/ S 
New York 10, N. Y. $5.50 


The problem of preparing textbooks 
is a never never-ending one. Ther 
are always newer and different and 
improved methods of presentation 
With over twenty years of varied 
teaching experience, Prof. Pletta has 
attempted to present his ideas in a 
manner that the student can grasp and 
understand. He endeavors to empha 
size a few fundamental concepts with 
which the beginner can apply to an 
infinite variety of situations. Since 
the student is in a formative frame of 
mind, the way in which he is taught 
to approach a problem is most import 
ant. As a result of his training, the 
student may have a bagful of formulas 
or develop an intuitive ability to apply 
fundamental concepts to new designs 

The material covers the usual subject 
matter of a beginning course. Its ar- 
rangement follows the deductive ap 
proach. In the chapter on Internal 
Resistance c of Solid Bodies, it is a de 
parture for a course in statics for it 
introduces the subject of Strength of 
Materials. There are two chapters on 
the laws of motion: one discusses th: 
equations of kinetics and the other 
describes the inertia force method. On 
the subject of relative motion, there is 
a new treatment which obviates the 
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Don't Let " Castings Troubles" Slow Down 


g 


se Production 


E 


e SPECTROGRAPHIC ANALYSIS 


Permite's Quality Control T3 R4 INSPECTION dn Ce vM 


Assures You ALUMINUM CASTINGS 


RIGHT in Dimensions-in Mechanical and Chemical Qualities 


For aluminum castings that are right in all speci- precise testing and inspection instruments. 


fication details, you can depend upon Aluminum : d uer ae i ; 1 
: T Spectographic analysis, X-ray inspection, Zyglo 
Industries’ advanced quality control facilities and 
. black light inspection, combined with other 
yerience of over 30 years. ; f 
: inspection and quality control procedures which 

The permanent mold and sand foundries are are standard at Aluminum Industries, assure vou 
supported by complete heat-treating facilities, of aluminum castings that will help keep vour 


chemical and metallurgical laboratories, and defense production schedules moving smoothly. 


Write for your copy of new Bulletin No. 20A illustrating 
and describing our facilities for supplying the castings 


you want, when you need them. 


Send blueprints for recommendations and estimates 


p id 2 I i T t on your aluminum castings requirements. 
ALUMINUM INDUSTRIES 


CINCINNATI 25, OHIO 


ALUMINUM PERMANENT MOLD, SAND and DIE CASTINGS...HARDENED, GROUND and FORGED STEEL PARTI 
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Anti-Corrosive Seal... 


Mechanical Seal 
| To Meet Your 
Exacting Requirements 


General Purpose Seal... 


. most widely used end-face 
seal in industry . . . ideal for 
centrifugal, rotary and jet 
pumps, gear reducers and 
many other rotary shaft appli- 
cations . . . offers long life, 
complete flexibility, easy in- 
stallation. Two types availa- 
ble, No. 1 and 2, for varying 
equipment space conditions. 








Low Cost, High Quality 
"Pressed-in" Seal... 


. the answer to small shaft 
sealing applications involving 
high speeds and vibration. 
Millions of these Type 6A 
Seals are mass-produced for 
automotive water pumps, mak- 
ing them available at a rela- 
tively low cost in stock sizes. 
Each of these easy-to-install 
seals will fit several shaft sizes 
since they are "pressed-in" and 
do not touch the shaft. 


High Temperature 


. This Type 9 Seal performs 
effectively at temperatures up 
to 485° F. It incorporates a 
Teflon flexible member which 
is unaffected by all known 
corrosive agents. 


* * * 


All seals in the "John Crane" 
line are end-face in design 
++. nothing touches the shaft 
which can score it. No matter what your mechanical seal- 
ing problem is, there's a “John Crane” seal designed to ex- 
actly "fll the bill”. Our trained field engineers are ready 
to work with you in selecting the best seal for your needs. 


Write for entirely new catalog on “John Crane” Mechanical 
Seals. It’s just off the press! 


Dept. PE-1, 1845 Cuyler Avenue, Chicago 13, Illinois. 






PACKINGS AND MECHANICAL 
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CRANE PACKING COMPANY 
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New Books continue 





use of Coriolis’ Law. Following ea 
section, there are a number of care 
fully chosen problems to illustrate th 
fundamental principles. 

Following a chapter on Vibration 
there is a final chapter on Dimensiona 
Stability and Model Similarity. Bot! 
of these should prove helpf: ul to th 
undergrad»ate as introductory material 





Heating Design and Practice 





ROBERT HENDERSON EMERICK, Co? 
sulting Mechanical Engineer, 453 
pages, 64 x 94 in., Published by Mi 
Graw-Hill Pub., Co., 330 W. 42 Si 
N. Y 36, N. Y., $8.00. 












This book has been prepared with 
two ends in view. First, it is intended 
to present to all persons concerned 
with heating the basic theories of heat- 
ing design with demonstrations of how 
these theories are worked out, followed 
in many instances by case histories and 
evaluations of results taken from prac- 
tical experience. 






These examples and evaluations are 
of importance because they point out 
how interdependent design and pra 
tice actually are. Admittedly a know 
ledge of design principles makes for 
better practice, but equally pertinent 
IS à recognition of practice s capacity, 
on occasion or under special condi 
tions, to show bluntly the need for a 
qualification of theory 

For its second purpose, this book 

ittempts to bring together working in 
formation on subjects and problems 
closely allied to heating which, sooner 
or later, are likely to demand the re 
sponsible attention of the heating en 
gineer. In this category are those 
chapters that examine in detail M 
combustion of various fuels; the dk 
sign of fuel handling and storage sys 
tems, including piping for gas and oil 
the characteristics of industrial refrac 
tories and insulation; the preparation 
of specifications and the analysis of 
bids. 

Many of these data have been har 
vested from scattered sources, or di 
rectly from experience, and in consc 
quence have not always been on hand 
in time. Those concerned with th 
heating field should therefore find 
these chapters most useful 






























Television Servicing 





WALTER H. BUCHSBAUM. 340 page 
6x9 in. Published by Prentice-Hall, 
Inc. 70 Fifth Ave., New York, N.Y. 


$5.35. 








In Part one, the author explains the 
theory of operation of every section in 











OF-ST UF $ best proving 


ground is in the air! 


It pays to specify 7UF-STUF 
aluminum bronze alloys for 
parts that must stand up 


@ Because they are both light and tough, TUF-STUF aluminum 
bronze alloys have proven invaluable in America’s aircraft as valve-seat 
inserts, spark plug inserts, valve guides, gears and other vital parts. 

If your product requires machined parts that are strong but light, 
resistant to corrosion, long wearing and resistant to oxidation even at 
high temperatures, then TUF-STUF is the right alloy for the job. 


TUF-STUF alloys are furnished in the form of forgings, rods and screw 
machine parts. They fill Federal Specification QQ-B-666, Grade B, 
and several other variations. Because of the increased use and demand 
for both aluminum and copper, jobs carrying a Defense Order 

Number are receiving first consideration. 


MUELLER BRASS CO. 


PORT HURON 16, MICHIGAN 
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Secure LOOSE PARTS 
with Bead Chain 


ITONO 


o» 
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A MUST for Military Products 


A 










Canteen Cap Bii 


Sterilizer Lamp Cap 


tesy Wyondotte Chem. Co 








Aircraft Access Plate Ship Alarm Hammer 


A PLUS for Any Product 
tA € 


4 





amm 


NOOO 


Electrica Hot Water Bag 


Outiet Cap Stopper 


—— ^ Power iine 
Set Screw Key e Container 


W hen a householder or industrial worker mislays an essential 
part of your product, he may suffer inconvenience or minor 
hardship. But, loss of some important small part of military 
equipment may mean that men are lost, too. 

As a positive leash for straying parts, nothing can equal 
Bead Chain! Non-kinking, free-swiveling action assures full 
freedom in using the part or tool secured. It is small, light, 
attractive yet strong enough to hold under abusive strains. 

Check your product now! Leash any part that may stray. It 
costs only a penny or two, as a rule, to add a Bead Chain 


retainer that's worth dollars as a trouble-saver for your 
customers. 


Kinkless Chain of a Thousand Uses 


Design ingenuity can employ Bead Chain in many unique 

ways to gain new product appeals, please buyers, cut costs. 

For example: A low-cost non-slip chain drive for business 

machines, TV tuners, venetian blinds etc. Pulls for electric 

lights, fans, registers, zippers. Trimming for leather goods, 

wearing apparel, etc. Suspensions for light bowls and signs 
and in countless other ways. 


Get "Bead Chain" . . . Get 4 Plus Values 
As the world's largest producer of Bead Chain, 
the Bead Chain Company offers you: (1) Depend- 
able quality and delivery. (2) Unmatched applica- 
uon help based on experience with thousands of 
users. (3) Widest selection of chain sizes, styles, 
metals, finishes—and attachments to fit every need. 
(4) Money-saving assembly service which pro- 
vides made-to-your-order assemblies. 


NEW! Bead Chain Catalog-Data Folder. ; 
Write today! - 


“BEAD CHAIN’ 


The Bead Chain Mtg. Co., 92 Mt. Grove St., Bridgeport, Conn. 
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a a ae continu: 


the modern TV receiver. Theoreti 
discussion is held to a minimum, wi 
practical examples, illustrations, a: 
comparisons used abundantly. 
knowledge of higher mathematics 
not needed for a complete understan 
ing of the material in this, and 
other two parts. To further clar 
these data the author includes an ea 
to-comprehend outline of the ent 
television system, 

Alignment and installation of 
television receiver is shown in deta 
in Part two of Television Servicin 
Step-by-step procedures are given, cos 
ering such aspects as sound chann 
alignment, video IF alignment, an 
aligning RF amplifiers, mixers, and o 
cillators. 

Part three is a complete guide fo 
trouble-shooting the TV receiver. Th 
author lists all of the possible defect 
and shows how they appear outside o! 
the receiver . . . facilitating the promi 
spotting of the trouble and its sour 
by eye and ear. Classified for read; 
reference, each defects is thoroughly 
analyzed to show what steps must be 
taken to correct it. The author de 
scribes the causes and cures for defect 
ive deflection, poor sound and picture 
quality, poor cathode ray tube per 
formance, as well as the loss of syn 
chronization. 


Quality-Control Handbook 


J. M. JURAN, BS. in EE., J. D 
Consulting Management Engineer, 
Adjunct Professor of Management 
Engineering, New York University 
Formerly, Chic f of Inspection Control 
Division, Western Electric Co. 6 x 9 
in., 800 pages. Published by McGraw- 
Hill Book Co., Inc., 330 W. 42nd St 
New York 18, N. Y. $10. 


Here is the story of quality control, 
presented in thorough, comprehensive 
handbook form. For authoritative 
answers to questions on any phase of 
planning or carrying out a quality-con- 
trol program; for basic or advanced 
review of all phases, not only the sta- 
tistical, of the quality-control function; 
for quick reference to many formulas, 
data, record forms, and other practical 
information, this detailed manual can 
be used. 

The handbook has been planned to 
develop: 1) Those principles which 
are universal, no matter what the 
product or process. The first nine 
sections are devoted to this, with ap- 
propriate examples and cases. 2) Ap- 
plications of principles to particular 
products or processes. Six sections are 
devoted to such applications. 

The fifteen sections cover the eco- 
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continued 


ew Books 


mics of quality control; how to 
ganize for quality ; 
|, and assurance of quality ; 
ir aspects; but also 


acceptan e, con 
and sim- 
application to 


ecific P esses and products, such as 
emical, textile, and aircraft 
[he book is the work of several 


xecialists; illustrative examples from 
tual cases and records are profuse, 
o that the book brings the reader th« 
roadest sort of perspective on thc 
uality function, and practical working 
formation based entirely on what is 
eing done with quality control in 
ndustry today 


Materials Technology 
For Electron Tubes 


WALTER H. KOHL, Consultant to the 
Director of Research, Collins Radio 
Company. 495 pages, 6 x 9 in. Pub 
Í shed by Reinhold Publ, bing Corp., 
330 W. 42nd St., New York, N. Y 
$10 


This book 


formation on 
onstruction of 


presents up-to-date in 
materials used in the 
electron tubes. It is 
the first one in English which aims at 
a thorough scientific treatment of the 
main solids which enter into the con 
struction of electron tubes 

The treatment of materials such 
Ceramics, Mica, Tung 
sten, Molybdenum, Tantalum, Copper, 


as G! ass, 


Nickel, Graphite is one feature 
of the book. Each chapter dealing 


with these metals contains an extensive 
tabulation of the physical characteris 

tics and the chemical reactions taking 
place with various reagents. The de 

scription of processes used for the ap 

plication of these materials is another 
feature. Included is a critical review 
of the work done throughout the world 
by many research workers. Certain 
data and description of processes are 
published here for the first time. 
There is a review of atomic theory 
and the classification of crystals which 
provides a welcome introduction to 
the novice in this field. The tube en 

gineer, development engineer, experi 

mental physicist, chemist, materials 
engineer and technician, in any field 
where these materials are being used, 
can get from the book the pertinent 
data required and, from the refer- 
ences, a quick guide to more extensive 
study of the literature Although the 
title of this book is specific about the 
field of application, namely, electron 
tubes, a materials engineer in any field 
can benefit from the data given. Many 
of the properties of molybdenum, for 
example, of interest to the electronics 
man may solve other problems. 
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new handbook 


FREE TO 
PRODUCT 
DESIGNERS 





Here it is! The 100th Anniversary Edition of famous 
se Design Engineer's Handbook, thoroughly revised 
d enlarged. Now includes: tables of properties, toler- 
doce , Weights, many valuable pages on design tech- 
“niques, inserts, assembly, machining and finishing of 
hard rubber and other Ace molded plastics such as 
_ Saran, polyethylene, acrylics, acetates, etc. Also covers 
rubber linings. Ask for your copy of this Hard Rubber 
and Plastics Handbook today. 








93 WORTH STREET * NEW YORK 


t3, 8. Y. 
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A Product of the 
James Mfg. Co. 
Fort Atkinson, Wis. 





The Jamesway “Universal” 
is known to the poultry world as THE battery brooder— 
for starting, holding, brooding and displaying chicks and 
growing fowl. Poultrymen demand—and get—easy clean- 
ing, handling and feeding and provisions for preventing 
crowding at feed troughs and fouling of feed. The heart of 
the "Universal" Brooder's successful operation, however, 
is the 16" x 42" heating pad which is controlled by a 
Chace Thermostatic Bimetal Element. 


When the heat pad is plugged in, the long coiled 
wire element heats up and the red signal light goes on. 
The thermostatic bimetal element "A" is mounted so as 
to contact the plunger in the switchbox "B". As the heating 
element heats up, the increasing ambient temperature 
causes the thermostatic bimetal to deflect toward the low 
responsive side, against the switch plunger. As the ambient 
temperature rises, the pressure against the switch increases 
until the circuit to the element and light is broken. The 
temperature then decreases, the bimetal releases the pres- 
sure on the switch and the circuit is re-established. The cycle 
continues, the length of the cycle being regulated by an 
adjusting screw "C"; turning the screw clockwise swings the 
switch away from the bimetal thus lengthening the heat 
period, while counter-clockwise adjustment moves the 
switch closer and reduces the volume of heat. 


The James Mfg. Co. fabricates its element from 
Chace #2400 strip. Chace offers 29 types of thermostatic 
bimetal in strip, random coils and complete elements 
fabricated and assembled from customers’ prints. We also 
offer the consultation of our highly expert Applications 
Engineers who will assist you in the development of your 
own temperature actuated device. Write for your copy of 
our 64-page guide to the selection and designing of 
thermostatic bimetal elements. 


W. M. CHACE CO. 
TAewnostatic, Bimeat, 


1607 BEARD AVE., DETROIT 9, MICH. 








RCA Produces Rugged 
Xenon-Filled Rectifier 


À XENON-FILLED, half-wave rectif 
tube, designed to meet military requi: 
ments for a rectifier capable of pe 
forming efficiently under extreme ai 
bient temperatures, has been design 
by the RCA Tube Department. 

The rugged tube is engincered 
maintain its high efficiency under ai | 
bient temperatures ranging from 
degrees below zero to 90 degrees abo 
zero centigrade. Because of its conter 
of xenon gas, it will function unde 
severe atmospheric heat and cold th 
would make a mercury-vapor type « 
rectified tube inoperative Furthermore 


its rugged construction permits u 
under conditions of severe vibration 

It is rated at either a peak invers 
anode voltage of 10,000 volts and 
average anode current of 0.25 ampe: 
or a pcak inverse anode voltage of 5 
000 volts and an average anode current 
of 0.5 ampere. It has a low voltage 
drop which is virtually constant 
approximately 10 volts 

Two tubes, when employed 
single-phase, full-wave service with the 
peak inverse anode voltage limited to 
5,000 volts, will deliver to the filter 
d-c output current of one ampere at 
1,600 volts. When the peak inverse 
anode voltage is 10,000 volts, the two 
tubes will deliver a d-c output current 
of 0.5 ampere at 3.200 volts 

Utilizing a medium-shell, small 4 
pin base with bayonet, the rectifier 
takes the standard four-contact socket 
The latter should be equipped with 
filament contacts capable of withstand 
ing 5 amperes continuously without 
over-heating. 


Air Force and Navy 
Agree On New 
Synthetic Lubricant 


W ASHINGTON—Research staffs of 
a half dozen chemical firms and several 
petroleum companies have combined 
their efforts with the Navy and the 
Air Force to produce the first joint 
military specification for a synthetic 
lubricating oil for gas turbine aircraft 
engines. 

Initial research for the new synthetic 
lubricant was started in 1940 and was 
done at the Naval Research Laboraton 
in Washington. Testing was done by 


the two services and industry ; 

The base of the new lubricant is b 
one of a class of chemicals known as a 
aliphatic diesters. Phenothiazine is E 
added to prevent oxidation at high tem x 
peratures, and tricresyl phosphate to V 
prevent gear wear. 


The new oil will withstand operat 
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DESIGN YOUR PRODUCT WITH 
LAPLANT-CHOATE HYDRAULIC UNITS 


FOR designers and manufacturers of products that can be improved by 
hydraulic operation, LaPlant-Choate Hydraulic Units give the perform- 
ance “extras” which bring extra advantages into your competitive sales 


picture. 
These powerful, smooth-operating units . . . jacks, pumps, valves or 
the compact, all-in-one fluid power control . . . supply the speed, flexi- 


bility, and instant response to controls that keep equipment operating 
economically and efficiently. 


That's why so many manufacturers like the ones listed below are 
using LaPlant-Choate Hydraulic Systems for the utmost in full hydraulic 
operation. For complete details, send for Bulletin B-1152B, or write your 
requirements to LaPLANT-CHOATE MANUFACTURING CO., INC., 


Cedar Rapids, Iowa. THE FAMOUS LPC 
FLUID POWER CONTROL 


A few of the well-known manufacturers who make Pump, volve ond oil reservoir ere 


all combined into a single compact 


good products even better with LPC Hydraulic Units unit that mounts on the front of the 


tractor behind the radiator guard 


Service Supply Corp. Pacific Car & Foundry Co. Municipal Supply Co. This new “closed system” design 


completely eliminates long suction 


— e CARCO HYDRADOZERS THE GUTTER SNIPE lines, reduces the hazard of leaks 
THE LODOVER and assures DH increased speed 

5 e e. and efficiency. In addition, the en- 

The Warner & Swasey Co. Wm. Bros Boller & Mfg. Co. Pittman Manufacturing Co. ‘re. nit's skilfully engineered ond 
GRADALL BROS BULLDOZERS THE HYDRALIFT easy servicing, and long, trouble- 









free operation 
"TE 


LAPLANT /2. CHOATE 
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=== Aweracam 


vurur 


Cuemican, Pang; Coreana 


CHEMICALS 


AMBLER PENNA. 


PROCESSES 


Technical Service Data Sheet 
Subject: 


METAL PRESERVATION AND PAINT PROTECTION 


WITH ACP PHOSPHATE COATING CHEMICALS 


STAGE No, | 
ull d 
HU 


SEQUENCE Of 
OPERATIONS 


STAGE No. 7 
RINSE 


STAGE Ne. 3 
ACP PHOSPHATE 
Le Dad 


STAGE No. 4 
RINSE 


STAGE No. 5 
FINAL 
ACIDULATED RINSE - 


U.S. ARMY PHOTOGRAPHS COURTESY OF “ORDNANCE MAGAZINE” 


Typical spray and dip phosphating equipment and some ord- 
nance products that are now given a protective phosphate 
coating for extra durability under all kinds of severe exposure 
conditions. Both military and civilian applications of ACP 
phosphate coating chemicals are shown in the chart below. 


SELECTION CHART OF ACP PROTECTIVE COATING CHEMICALS FOR STEEL, ZINC, AND ALUMINUM 


ACP OBJECT OF 
CHEMICAL COATING 
“GRANODINE” improved 
Zinc Phosphate paint 
Coating Chemical adhesion 


Rust and 
corrosion 
prevention 


PERMADINE” 
Zine Phosphate 
Coat ng Chemica 


i — 
THERMO 

GRANODINE " 

| Manganese - iron 

| Phosphate Coating 


galling, safe break-in 
of friction or rubbing 
| parts. Rust proofing 


eaat 


CRANOORAW” Improved drawing, 
extrusion, and 


Cold forming 


Zinc-iron 
Phosphate 
Coating 
anndan - 
ALODINE” 
Protective 
"eating 


Improved paint 
adhesion and 
Corrosion 
tesistance 


Zinc Phosphate 
Coating Chemical 


CHEMICALS 


TYPICAL METAL 
PRODUCTS TREATED 

re 

| Steel, iron, or zinc fabricated units or com- 
ponents, automobile bodies, refrigerators, 
washing machines, cabinets, etc.; projec- 
tiles, rockets, bombs, rifles, smali arms, 
belt links, cartridge tanks, vehicular sheet 
metal, tank bolts and links, recoilless 
guns, etc. 


———— 
Nuts, bolts, screws, hardware items, tools, 
guns, cartridge clips, fire control instru- 
ments, metallic belt links, steel aircraft 

| parts, certain steel projectiles and many 
other components 

4 - 


GOVERNMENT 
SPECIFICATIONS 
MIL -5-5002 
JAN - C-490, Grade 1 
JAN- F -495 
A. 57 -0-2, Type II, Class C 
A. 51-70-1 


ish 22.02, Class C 

. 0-6-1 

(Ships) 
U 
U 
N 


avy Aeronautical M- 364 
U.S.A. 72-53 (See An- F -20) 


| Friction surfaces such as pistons, piston ML-C- 16232 
rings, gears, cylinder liners, camshafts, U.S.A. 57-0-2, Type Il, Class A 


| tappets, crankshafts, rocker arms, etc. 
Small arms, weapon components. Hardware 
tems, etc. 
Bianks and shells for cold forming, heavy 
stampings, tubs; tubing for forming or draw- 
ing, wire, rod, elc. 


Aluminum products of similar design such as 
refrigerator parts, wall tile, signs, washing 
machine tubs, etc; aucraft and aircraft 
parts, bazookas (rocket launchers), helmets, 
belt buckles, clothes dryers, clothesline, 
tocket motors, etc., aluminum sirip or sheet 
stock 

Zinc alloy die castings; zinc of Cadmium 
plated sheet or components; hot dip galvan- 
ized stock, galvanneal, signs, siding, 
tooling, galvamzed truck bodies, etc. 


U.S.A. 51-70-1, Finish 22.02 Class A 


| Navy Aeronautica! M- 364 


U.S.A. 72-53 (See AN- F - 20) 


| MIL-5-5002 


AN-F -20 

U.S, Navord 0.5. 675 

16 E4 (Ships) 

AN -C -170 (See MIL - C - 5541) 
U.S.A. 72-53 (See AN- F - 20) 


WRITE FOR DESCRIPTIVE FOLDERS ON THE 


ABOVE CHEMICALS AND FOR INFORMATION ON 


PROCESSES 


YOUR OWN METAL PROTECTION PROBLEMS 
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ing temperatures from minus 65 
plus 500 degrees F and will not bi 
off at high temperatures. Contempla: 
production figures are classified. 

Along with this development wo: 
Naval Research Laboratory chem 
considered the problem of a supply 
chemicals for synthetic lubricants. 
common source of the acids needed f 
synthesizing diesters in the early 194¢ 
was castor oil, an imported produ 
In studying other sources, consider 
tion was given both to materials whi 
would be available in quantity fro 
domestic sources and would not inte 
fere with the production of other nee 
ed materials. 

A total of 34 diester fluids we: 
developed from a variety of basic mat 
rials, including petroleum sources, cor: 
products, oats, stockyard fats, and coal 
tar. From a careful study of the proper 
ties of these fluids, a smaller grouy 
was selected for further development 
into lubricants of immediate interest 


Hot Windshield 
Clears Pilots’ View 


ELECTRICALLY HEATED SELF-DEICIN( 
WINDSHIELDS that also eliminate in 
terior fogging have been developed for 
Super Constellation transports by Lock 
heed. The new windshields boast an 
automatic temperature control for ad 
justment in relation to outside air 

To prevent both exterior ice and in 
terior “fogging,” the new windshield 
utilizes a layer of stannous oxide Nesa 
(nonelectrostatic formulation A), only 
iS millionths of an inch thick, as a 
heating element. 

The conductive Nesa is sprayed en 
the back of a ṣẹ inch pane of glass, 
while it is almost red hot. This glass 
later becomes one of three layers of 
the laminated windshield. Other sec- 
tions are a $ inch pane, next to the 
pilot, and a 1 inch center layer of elas- 
tic vinyl, termed the "fireman's net" 
because it is designed with both 
stretch and strength, to protect pilots 
from birds that might fly into the wind- 
shield. 

To prevent fogging, the back of the 
windshield is kept approximately 50 
degrees warmer than the front, which 
in turn is maintained about 50 degrees 
warmer than outside air. At the same 
time, the temperature of the vinyl bird- 
proof layer stays between 80 and 120 
degrees, the range at which it has best 
conditions of strength and stretch. 

Automatic temperature control was 
achieved by incorporating in the vinyl 
a thermistor sensing element, a semi- 
conductor composed of rare earth 
oxides. This thermistor feels tempera- 
ture changes and "tells" a control cir- 
cuit when to turn on or shut off power. 
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